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BACKGROUND Or THE INVENTION 
The present invention is directed to improvements in 
methods and apparatus for decompression which operates to 
decompress and/or decode a plurality of differently encoded 
input signals. The illustrative embodiment chosen for 
description hereinafter relates to the decoding of a 
plurality of encoded picture standards. More specifically, 
this embodiment relates to the decoding of any one of the 
well known standards known as JPEG, MPEG and H.251.. 

A serial pipeline processing system of the present 
invention comprises a single two-wire bus used for carrying 
unique and specialized interactive interfacing tokens, in the 
form of control tokens and data tokens, to a plurality of 
adaptive decompression circuits and the like oositioned as a 
reconf igurable pipeline processor. 

Video compression/decompression systems are generally 
well-known in the art. However, such systems have generally 
been dedicated in design and use to a single compression 
standard. They have also suffered from a number of other 
..inefficiencies and inflexibility in overall system and 
subsystem design and data flow management . 

Examples of prior art systems and subsystems are 
enumerated as follows : 

One prior art system is described in United States 
Patent No. 5,216,724. The apparatus comprises a plurality of 
compute modules, in a preferred embodiment, for a total of 
four compute modules coupled in oarallel. Each of the 



compute modules has a processor, dual port memory, scratch- 
pad memory, and an arbitration mechanism. A first bus 
couples the compute modules and a host processor. The device 
comprises a shared memory which is coupled to the host 
processor and to the compute modules with a second bus. 

United States Patent No. 4,785,349 discloses a full 
motion color digital video signal that is compressed, 
formatted for transmission, recorded on compact disc media 
and decoded at conventional video frame rates. During 
compression, regions of a frame are individually analyzed to 
select optimum fill coding methods specific to each region. 
Region decoding time estimates are made to optimize 
compression thresholds. Region descriptive codes conveying 
the size and locations of the regions are grouped together in 
a first segment of a data stream. Region fill codes 
conveying pixel amplitude indications for the regions are 
grouped together according to fill code type and placed in 
other segments of the data stream. The data stream segments 
are individually variable length coded according to their 
respective statistical distributions and formatted to form 
data frames. The number of bytes per frame is withered by 
the addition of auxiliary data determined by a reverse frame 
sequence analysis to provide an average number selected to 
minimize pauses of the compact disc during playback, thereby 
avoiding unpredictable seek mode latency periods 
characteristic of compact discs. A decoder includes a 
variable length decoder responsive to statistical information 
in the code stream for separately variable length decoding 
individual segments of the data stream. Region location data 
is derived from region descriptive data and applied with 
region fill codes to a plurality of region specific decoders 
selected by detection of the fill code type (e.g., relative, 
absolute, dyad and DPCM) and decoded region pixels are stored 
in a bit map for subsequent display. 



United States Patent No. 4,922,341 discloses a method 
for scene-model-assisted reduction of image data for digital 
television signals, whereby a picture signal supplied at time 
is to be coded, whereby a predecessor frame from a scene 
already coded at time t-l is present in an image store as a 
reference, and whereby the frame-to-frame information is 
composed of an amplification factor, a shift factor, and an 
adaptively acquired quad-tree division structure. Upon 
initialization of the system, a uniform, prescribed gray 
scale value or picture half-tone expressed as a defined 
luminance value is written into the image store of a coder at 
the transmitter and in the image store of a decoder at the 
receiver store, in the same way for all picture elements 
(pixels) . Both the image store in the coder as well as the 
image store in the decoder are each operated with feed back 
to themselves in a manner such that the content of the image 
store in the coder and decoder can be read out in blocks of 
variable size, can be ajnplified with a factor greater than or 
less than 1 of the luminance and can be written back into the 
image store with shifted addresses, whereby the blocks of 
variable size are organized according to a known quad tree 
data structure • 

United States Patent No, 5,122,875 discloses an 
apparatus for encoding/decoding an HDTV signal. The 
apparatus includes a compression circuit responsive to high 
definition video source signals for providing hierarchically 
layered codewords CW representing compressed video data and 
associated codewords T, defining the types of data 
represented by the codewords cw. A priority selection 
circuit, responsive to the codewords CW and T, parses the 
codewords CW into high and low priority codeword sequences 
wherein the high and low priority codeword sequences 
correspond to compressed video data of relatively greater and 
lesser importance to image reproduction respectively, a 



transport processor, responsive to the high and low priority 
codeword sequences, forms high and low priority transport 
blocks of high and low priority codewords, respectively. 
Each transport block includes a header, codewords CW and 
Brror detection check bits. The respective transport blocks 
are applied to a forward error check circuit for applying 
additional error check data.. Thereafter, the high and low 
priority data are applied to a modem wherein quadrature 
amplitude modulates respective carriers for transmission. 

United States Patent No. 5,146,325 discloses a video 
decompression system for decompressing compressed image data 
wherein odd and even fields of the video signal are 
independently compressed in sequences of intraframe and 
interframe compression modes and then interleaved for 
transmission- The odd and even fields are independently 
decompressed. During intervals when valid decompressed 
odd/even field data is not available, even/odd field data is 
substituted for the. unavailable odd/even field data. 
Independently decompressing. the even and odd fields of data 
and substituting the opposite field of data for unavailable 
data may be used to advantage to reduce image display latency 
during system start-up and channel changes. 

United States Patent No. 5,168,356 discloses a video 
signal encoding system that includes apparatus for segmenting 
encoded video data into transport blocks for signal 
transmission. The transport block format enhances signal 
recovery at the receiver by virtue of providing header data 
from which a receiver can determine re-entry points into the 
data stream on the occurrence of a loss or corruption of 
transmitted data. The re-entry points are maximized by 
providing secondary transport headers embedded within encoded 
video data in respective transport blocks. 

United States Patent No. 5,168,375 discloses a method 
for processing a field of image data samples to provide for 
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one or more of the functions of decimation, interpolation, 
and sharpening. This is accomplished by an array transform 
processor such as that employed in a JPEG compression system. 
Blocks of data samples are transformed by the discrete even 
5 cosine transform (DECT) in both the decimation and 
interpolation processes, after which the number of frequency 
terms is altered. In the case of decimation, the number of 
frequency terms is reduced, this being followed by inverse 
transformation to produce a reduced-size matrix of sample 
10 points representing the original block of data. In the case 

^1: of interpolation, additional frequency components of zero 

M value are inserted into the array of frequency components 

after which inverse transformation produces an enlarged data 

Rl sampling set without an increase in spectral bandwidth. In 

15 the case of sharpening, accomplished by a convolution or 

5 filtering operation involving multiplication of transforms of 

data and filter kernel in the frequency domain, there is 

U 

provided an inverse transformation resulting in a set of 
01 blocks of processed data samples. The blocks are overlapped 

y; 2 0 followed by a savings of designated samples, and a discarding 

of excess samples from regions of overlap. The spatial 
representation of the kernel is modified by reduction of the 
number of components, for a linear-phase filter, and zero- 
padded to equal the number of samples of a data block, this 
25 being followed by forming the discrete odd cosine transform 
(DOCT) of the padded kernel matrix. 

United Statfes Patent No. 5,175,617 discloses a system 
and method for transmitting logmap video images through 
telephone line band-limited analog channels. The pixel 
3 0 organization in the logmap image is designed to match the 
sensor geometry of the human eye with a greater concentration 
of pixels at the center. The transmitter divides the 
frequency band into channels, and assigns one or two pixels 
to each channel, for example a 3KHz voice quality telephone 



line IS divided into 768 channels spaced about 3 . 9K2 apa-^ 
Each channel consists of two carrier waves in quadrature so 
each Channel can carry two pixels. some channels 'are 
reserved for special calibration signals enabling the 
receiver to detect both the phase and magnitude of the 
received signal. If the sensor and pixels are connected 
directly to a bank of oscillators and the receiver can 
continuously receive each channel, then the receiver need not 
be synchronized with the transmitter. An FFT algor^thn 
i^iplements a fast discrete approximation to the continuous 
case in which the receiver synchronizes to the first frame 
and then acquires subsequent frames every frame period. The 
frame period is relatively low compared with the sampling 
period so the receiver is unlikely to lose frame synchrony 
once the first frame is detected. An experimental video 
telephone transmitted 4 frames per second, apolied quadrature 
coding to 144 0 pixel logmap images and obtained an effective 
data transfer rate in excess of 40,000 bits per second. 

United states Patent No. 5,185,819 discloses a vidoo 
compression system having odd and even fields of video signal 
that are independently compressed in sequences of intraframe 
and mterframe compression modes. The odd and even fields of 
independently compressed data are interleaved for 
transmission such that the intraframe even field compressed 
data occurs midway between successive fields of intraframe 
odd field compressed data. The interleaved sequence provides 
receivers with twice the number of entry points into the 
signal for decoding without increasing the amount of data 
transmitted. 

United States Patent No. 5,212,742 discloses an 
apparatus and method for processing video data for 
compression/decompression in real-time. The apparatus 
comprises a plurality of compute modules, in a preferred 
embodiment, for a total of four compute modules coupled in 
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parallel. Each of "the compute modules has a processor, dual 
port memory, scratch-pad memory, and an arbitration 
mechanism. A first bus couples the compute modules and host 
processor. Lastly, the device comprises a shared memory 
5 which is coupled to the host processor and to the compute 
modules with a second bus. The method handles assigning 
portions of the image for each of the processors to operate 
upon. 

United States Patent No. 5,231,484 discloses a system 
10 and method for implementing an encoder suitable for use with 
the proposed ISO/IEC MPEG standards . Included are three 
cooperating components or subsystems that operate to 
variously adaptively pre-process the incoming digital motion 
SI video sequences, allocate bits to the pictures in a sequence, 

15 and adaptively quantize transform coefficients in different 
m regions of a picture in a video sequence so as to provide 

^ optimal visual quality given the number of bits allocated to 

r that picture. 

^ United States Patent No. 5,2 67,3 34 discloses a method of 

2 2 0 removing frame redundancy in a computer system for a sequence 

ffi of moving images. The method comprises defecting a first 

r'l^^ scene change in the sequence of moving images and generating 

a first keyframe containing complete scene information for a 
first image. The first keyframe is known, in a preferred 
25 embodiment, as a "f orward-f acing** keyframe or intraframe, and 
it is normally present in CCITT compressed video data,. The 
process then comprises generating at least one intermediate 
compressed frame*, the at least one intermediate compressed 
frame containing difference information from the first image 
30 for at least one image following the first image in time in 
the sequence of moving images. This at least one frame being 
known as an interframe. Finally, detecting a second scene 
change in the sequence of moving images and generating a 
second keyframe containing complete scene information for an 
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image displayed at the time just prior to the second scene 
change, known as a "backward-facing" keyframe. The first 
keyframe and the at least one intermediate compressed frame 
are linked for forward play, and the second keyframe and the 
intermediate compressed frames are linked in reverse for 
reverse play. The intraframe may also be used for generation 
of complete scene information when the images are played in 
the forward direction. When this sequence is played in 
reverse, the backward-facing keyframe is used for the 
generation of complete scene information. 

United States Patent No. 5,276,513 discloses a first 
circuit apparatus, comprising a given number of prior-art 
image-pyramid stages, together with a second circuit 
apparatus, comprising the same given number of novel motion- 
vector stages, perform cost-effective hierarchical motion 
analysis (HMA) in real-time, with minimum system processing 
delay and/or employing minimum system processing delay and/or 
employing minimum hardware structure. Specifically, the 
first and second circuit apparatus, in response to relatively 
high-resolution image data from an ongoing input series of 
successive given pixel-density image-data frames that occur 
at a relatively high frame rate (e.g. , 30 frames per second) , 
derives, after a certain processing-system delay, an ongoing 
output series of successive given pixel-density vector-data 
frames that occur at the same given frame rate. Each vector- 
data frame is indicative of image motion occurring between 
each pair of successive image frames. 

United States Patent No. 5,283,646 discloses a method 
and apparatus for enabling a real-time video encoding system 
to accurately deliver the desired number of bits per frame, 
while coding the image only once, updates the quantization 
step size used to quantize coefficients which describe, for 
example, an image to be transmitted over a communications 
channel. The data is divided into sectors, each sector 
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including a plurality of blocks. The blocks are encoded, for 
example, using DCT coding, to generate a sequence of 
coefficients for each block. The coefficients can be 
quantized, and depending upon the quantization step, the 
5 number of bits required to describe the data will vary 
significantly. At the end of the transmission of each sector 
of data, the accumulated actual number of bits expended is 
compared with the accumulated desired number of bits 
expended, for a selected number of sectors associated with 
10 the particular group of data. The system then readjusts the 
quantization step size to target a final desired number of 
S data bits for a plurality of sectors, for example describing 

an image. Various methods are described for updating the 
SI quantization step size and determining desired bit 

15 allocations. 

The article, Chong, Yong M. , A Data-Flow Architecture 
for Digital Image Processing , Wescon Technical Papers: No. 
L^i, 2 Oct. /Nov. 1984, discloses a real-time signal processing 

Q system specifically designed for image processing. More 

20 particularly, a token based data-flow architecture is 
pi disclosed wherein the tokens are of a fixed one word width 

having a fixed width address field. The system contains a 
plurality of identical flow processors connected in a ring 
fashion. The tokens contain a data field, a control field 
25 and a tag. The tag field of the token is further broken down 
into a processor address field and an identifier field. The 
processor address field is used to direct the tokens to the 
correct data-flow processor, and the identifier field is used 
to label the data such that the data-flow processor knows 
3 0 what to do with the data. In this way, the identifier field 
acts as an instruction for the data-flow processor. The 
system directs each token to a specific data-flow processor 
using a module number (MN) . If the MN matches the MN of the 
particular stage, then the appropriate operations are 
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performed upon the data. If unrecognized, the token is 
directed to an output data bus . 

The article, Kimori, S. et al. An Elastic Pipeline 
Mechanism by Self-Timed Circuits . IEEE J. of Solid-state 
5 Circuits, Vol. 23, No- l, February 1988, discloses an elastic 
pipeline having self -timed circuits. The asynchronous 
pipeline comprises a plurality of pipeline stages. Each of 
the pipeline stages consists of a group of input data latches 
followed by a combinatorial logic circuit that carries out 
10 logic operations specific to the pipeline stages. The data 
latches are simultaneously supplied with a triggering signal 
O generated by a data-transfer control circuit associated with 

Ji: that stage. The data-transfer control circuits are 

S| interconnected to form a chain through which send and 

Jjf 15 acknowledge signal lines control a hand-shake mode of data 

0| transfer between the successive pipeline stages. 

Furthermore, a decoder is generally provided in each stage to 
select operations to be done on the operands in the present 
O stage. It is also possible to locate the decoder in the 

20 preceding stage in order to pre-decode complex decoding 
C3 processing and to alleviate critical path problems in the 

logic circuit. The elastic nature of the pipeline eliminates 
any centralized control since all the interworkings between 
the submodules are determined by a completely localized 
25 decision and, in addition, each submodule can autonomously 
perform data buffering and self -timed data-transfer control 
at the same time^ Finally, to increase the elasticity of the 
pipeline, empty stages are interleaved between the occupied 
stages in order to ensure reliable data transfer between the 
3 0 stages. 

United States Patent No. 5,278,64 6 discloses an improved 
technique for decoding wherein the number of coefficients to 
be included in each sub-block is selectable, and a code 
indicating the number of coefficients within each layer is 



inserted in the bitstream at the beginning of each encoded 
video sequence. This technique allows the original runs of 
zero coefficients in the highest resolution layer to remain 
intact by forming a sub-block for each scale from a selected 
number of coefficients along a continuous scan. These sub- 
blocks may be decoded in a standard fashion, with an inverse 
discrete cosine transform applied to square sub-blocks 
obtained by the appropriate zero padding of and/or discarding 
of excess coefficients from each of the scales. This 
technique further improves decoding efficiency by allowing an 
implicit end of block signal to separate blocks, making it 
unnecessary to decode an explicit end of block signal in most 
cases . 

United States Patent No, 4,903,018 discloses a process 
and data processing system for compressing and expanding 
structurally associated multiple data sequences. The process 
is particular to data sets in which an analysis is made of 
the structure in order to identify a characteristic common to 
a predetermined number of successive data elements of a data 
sequence. In place of data elements, a code is used which is 
again decoded during expansion. The common characteristic is 
obtained by analyzing data elements which have the same order 
number in a number of data sequences. During expansion, the 
data elements obtained by decoding the code are ordered in 
data series on the basis of the order number of these data 
series on the basis of the order number of these data 
elements. The 'data processing system for performing the 
processes includes a storage matrix (26) and an index storage 
(28) having line addresses of the storage matrix (26) in an 
assorted line sequence. 

United States Patent No. 4,334,246 discloses a circuit 
and method for decompressing video subsequent to its prior 
compression for transmission or storage. The circuit assumes 
that the original video generated by a raster input scanner 



was operated on by a two line one shot predictor, coded using 
run length encoding into code words of four, eight or twelve 
bits and packed into sixteen bit data words. This described 
decompressor, then, unpacks the data by joining together the 
sixteen bit data words and then separately the individual 
code words, converts the code words into a number of all zero 
four bit nibbles and a terminating nibble containing ' one or 
more one bits which constitutes decoded data, inspects the 
actual video of the preceding scan line and the previous 
video bits of the present line to produce depredictor 
bits and compares the decoded data and depredictor bits to 
produce the final actual video . 

United States Patent No, 5,060,242 discloses an image 
signal processing system DPCM encodes the signal, then 
Huffman and run length encodes the signal to produce variable 
length code words, which are then tightly packed without gaps 
for efficient transmission without loss of any data. The 
tightly packed apparatus has a barrel shifter with its shift 
modulus controlled by an accumulator receiving code word 
length information. An OR gate is connected to the shifter, 
while a register is connected to the gate. Apparatus for 
processing a tightly packed and decorrelated digital signal 
has a barrel shifter and accumulator for unpacking, a Huffman 
and run length decoder, and an inverse DCPM decoder. 

United States Patent No, 5,168,375 discloses a method 
for processing a field of image data samples to provide for 
one or more of the functions of decimation, interpolation, 
and sharpening is accomplished by use of an array transform 
processor such as that employed in a JPEG compression system. 
Blocks of data samples are transformed by the discrete even 
cosine transform (DECT) in both the decimation and 
interpolation processes, after which the number of frequency 
terms is altered. In the case of decimation, the number of 
frequency terms is reduced, this being followed by inverse 
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transformation to produce a reduced-size matrix of sample 
points representing the original block of data. In the case 
of interpolation, additional frequency components of zero 
value are inserted into the array of frequency components 
5 after which inverse transformation produces an enlarged data 
sampling set without an increase in spectral bandwidth. In 
the case of sharpening, accomplished by a convolution or 
filtering operation involving multiplication of transforms of 
data and filter kernel in the frequency domain, there is 

10 provided an inverse transformation resulting in a set of 
blocks of processed data samples. The blocks are overlapped 
followed by a savings of designated samples, and a discarding 
of excess samples from regions of overlap. The spatial 
representation of the kernel is modified by reduction of the 

15 number of components, for a linear-phase filter, and zero- 
padded to equal the number of samples of a data block, this 
being followed by forming the discrete odd cosine transform 
(DOCT) of the padded kernel matrix. 

United States Patent No. 5,231,486 discloses a high 

20 definition video system processes a bitstream including high 
and low priority variable length coded Data words. The coded 
Data is separated into packed High Priority Data and packed 
Low Priority Data by means of respective data packing units. 
The coded Data is continuously applied to both packing units. 

25 High Priority and Low Priority Length words indicating the 
bit lengths of high priority and low priority components of 
the coded Data are applied to the high and low priority data 
packers, respectively. The Low Priority Length word is 
zeroed when high Priority Data is to be packed for transport 

30 via a first output path, and the High Priority Length word is 
zeroed when Low Priority Data is to be packed for transport 
via a second output path. 

United States Patent No, 5,287,178 discloses a video 
signal encoding system includes a signal processor for 
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segmenting encoded video data into transport blocks having a 
header section and a packed data section. The system also 
includes reset control apparatus for releasing resets of 
system components, after a global system reset, in a 
prescribed non-simultaneous phased sequence to enable signal 
processing to commence in the prescribed sequence. The 
phased reset release sequence begins when valid data is 
sensed as transmitting the data lines. 

United States Patent No. 5,124,790 to Nakayama discloses 
a reverse quantizer to be used with image memory. The 
inverse quantizer is used in the standard way to decode 
differential predictive coding method (DPCM) encoded data,] 

United States Patent No. 5,136,371 to Savatier et al. is 
directed to a de-quantizer having an adjustable quantiza- 
tional level which is variable and determined by the fullness 
of the buffer. The applicants state that the novel aspect of 
their invention is the maximum available data rate that is 
achieved. Buffer overflow and underflow is avoided by 
adapting the quantization step size the quantizer 152 and the 
de-quantizer 156 by means of a quantizational level which is 
recalculated after each block has been encoded. The 
quantization level is calculated as a function of the amount 
of already encoded data for the frame, compared with the 
total buffer size. In this manner, the quantization level 
can advantageously be recalculated by the decoder and does 
not have to be transmitted. 

United States Patent No. 5,142,380 to Sakagami et al . 
discloses an image compression apparatus suitable for use 
with still images such as those formed by electronic still 
cameras using solid state image sensors. The quantizer 
employed is connected to a memory means from which threshold 
values of a quantization matrix for the laminate signal, Y, 
and rom 15 stores threshold values of a quantization matrix 
for the crominant signals I and Q. 



United States Patent No. 5,193,002 to Guichard et al. 
disclosed an apparatus for coding/decoding image signals in 
real time in conjunction with the CCITT standard H.261. a 
digital signal processor carries out direct quantization and 
reverse quantization. 

United States Patent No. 5,241,383 to Chen et al. 
describes an apparatus with a pseudo-constant bit rate video 
coding achieved by an adjustable quantization parameter. The 
qunatization parameter utilized by the quantizer 32 is 
periodically adjusted to increase or decrease the amount of 
code bits generated by the coding circuit. The change in 
quantization parameters for coding the next group of pictures 
is determined by a deviation measure between the actual 
number of code bits generated by the coding circuits for the 
previous group of pictures in an estimate number of code bits 
for the previous group of pictures. The number of code bits 
generated by the coding circuit is controlled by controlling 
the quantizer step sizes. In general smaller quantizer step 
sizes result in more code bits in larger quantizer step sizes 
result in fewer code bits. 

United States Patent No. 5,113,255 to Nagata et al; 
5,126,842 to Andrews et al; 5,253,058 to Gharavi; 5,260,782 
to Hui; and 5,212,742 to Normile et al are included for 
background and as a general description of the art. 

Accordingly, those concerned with the design, 
development and use of video compression/decompression 
systems and related subsystems have long recognized a need 
for improved methods and apparatus providing enhanced 
flexibility, efficiency and performance. The present 
invention clearly fulfills all these needs. 



SUMMARY OF THE INVENTION 

Briefly, and in general ter:ns , the present invention 
provides an input, an output and a plurality of processing 
stages between the input and the output, the plurality of 
processing stages being interconnected by a two-wire 
interface for conveyance of tokens along a pipeline, and 
control and/or DATA tokens in the form of universal 
adaptation units for interfacing with all of the stages in 
the pipeline and interacting with selected stages in the 
pipeline for control, data and/or combined control-data 
functions among the processing stages, whereby the processing 
stages in the pipeline are afforded enhanced flexibility in 
configuration and processing- 

Each of the processing stages in the pipeline may 
include both primary and secondary storage, and the stages in 
the pipeline are reconf igurable in response to recognition of 
selected tokens- The tokens in the pipeline are dynamically 
adaptive and may be position dependent upon the processing 
stages for performance of functions or position independent 
of the processing stages for performance of functions. 

In a pipeline machine, in accordance with the invention, 
the tokens may be altered by interfacing with the stages, and 
the tokens may interact with all of the processing stages in 
the pipeline or only with some but less than all of said 
processing stages. The tokens in the pipeline may interact 
with adjacent processing stages or with non-adjacent 
processing stages, and the tokens may reconfigure the 
processing stages. Such tokens may be position dependent for 
some functions and position independent for other functions 
in the pipeline. 

The tokens , in combination with the reconf igurable 
processing stages , provide a basic building block for the 
pipeline system. The interaction of the tokens with a 
processing stage in the pipeline may be conditioned by the 
previous processing history of that processing stage. The 



tokens may have address fields which characterize the tokens, 
and the interactions with a processing stage nay be 
determined by such address fields. 

In an improved pipeline machine, in accordance with the 
invention, the tokens may include an extension bit for each 
token, the extension bit indicating the presence of 
additional words in that token and identifying the last word 
in that token. The address fields may be of variable length 
and may also be Huffman coded. 

In the improved pipeline machine, the tokens may be 
generated by a processing stage. Such pipeline tokens may 
include data for transfer to the processing stages or the 
tokens may be devoid of data. Some of the tokens may be 
identified as DATA tokens and provide data to the processing 
stages in the pipeline, while other tokens are identified as 
control tokens and only condition the processing stages in 
the pipeline, such conditioning including reconfiguring of 
the processing stages. Still other tokens may provide both 
data and conditioning to the processing stages in the 
pipeline. Some of said tokens may identify coding standards 
to the processing stages in the pipeline, whereas other 
tokens may operate independent of any coding standard among 
the processing stages. The tokens may be capable of 
successive alteration by the processing stages in the 
pipeline . 

In accordance with the invention, the interactive 
flexibility of the tokens in cooperation with the processing 
stages facilitates greater functional diversity of the 
processing stages for resident structure in the pipeline, and 
the flexibility of the tokens facilitates system expansion 
and/or alteration. The tokens may be capable of facilitating 
a plurality of functions within any processing stage' in the 
pipeline. Such pipeline tokens may be either hardware based 
or software based. Hence, the tokens facilitate more 



16b 



efficient uses of system bandwidth in" the pipeline. The 
tokens may provide data and control simultaneously to the 
processing stages in the pipeline. 

The invention may include a pipeline processing machine 
for handling plurality of separately encoded bit streams 
arranged as a single serial bit stream of digital bits and 
having separately encoded pairs of control codes and 
corresponding data carried in the serial bit stream and 
employing a plurality of stages interconnected by a two-wire 
interface, further characterized by a start code detector 
responsive to the single serial bit stream for generating 
control tokens and DATA tokens for application to the two- 
wire interface, a token decode circuit positioned in certain 
of the stages for recognizing certain of the tokens as 
control, tokens pertinent to that stage and for passing 
unrecognized control tokens along the pipeline, and a 
reconf igurable decode and parser processing means responsive 
to a recognized control token for reconfiguring a particular 
stage to handle an identified DATA token. 

The pipeline machine may also include first and second 
registers, the first register being positioned as an input of 
the decode and parser means, with the second register 
positioned as an output of the decode and parser means. One 
of the processing stages may be a spatial decoder, a second 
of the stages being a token generator for generating control 
tokens and DATA tokens for passage along the . two-wire 
interface. A token decode means is positioned in the spatial 
decoder for recognizing certain of the tokens as control 
tokens pertinent to the spatial decoder and for configuring 
the spatial decoder for spatially decoding DATA tokens 
following a control token into a first decoded format. 

A further stage may be a temporal decoder positioned 
downstream in the pipeline from the spatial decoder, with a 
second token decode means positioned in the temporal decoder 
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for recognizing certain of the tokens as control tokens 
pertinent to the temporal decoder and for configuring the 
temporal decoder for termporally decoding the DATA tokens 
5 following the control token into a first decoded format. The 
temporal decoder may utilize a reconf igurable prediction 
filter which is reconf igurable by a prediction token. 

Data may be moved along the two-wire interface within 
the temporal decoder in 8x8 pel data blocks, and address 
10 means may be provided for storing and retrieving such data 
blocks along block boundaries. The address means may store 
and retrieve blocks of data across block boundaries. The 
p address means reorders said blocks as picture data for 

display. The data blocks stored and retrieved may be greater 
%j 15 and/or smaller than 8x8 pel data blocks. Circuit means may 

2^ also be provided for either displaying the output of the 

g| temporal decoder or writing the output back into a picture 

U| memory location. The decoded format may be either a still 

picture format or a moving picture format. 
Q 20 The processing stage may also include, in accordance 

L^' with the invention, a token decoder for decoding the address 

A of a token and an action identifier responsive to the token 

H= decoder to implement configuration of the processing stage. 

The processing stages reside in a pipeline processing machine 
25 having a plurality of the processing stages interconnected by 
a two-wire interface bus, with control tokens and DATA tokens 
passing over the two-wire interface. A token decode circuit 
is positioned in certain of the processing stages for 
recognizing certain of the tokens as control tokens pertinent 
30 to that stage and for passing unrecognized control tokens 
along the pipeline. A first input latch circuit may be 
positioned on the two-wire interface preceding the processing 
stage and a second output latch circuit may be positioned on 
the two-wire interface succeeding the processing stage. The 
35 token decode circuit is connected to the two-wire interface 
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through the first input latch. Predetermined processing 
stages may include a decoding circuit connected to the output 
of a predetermined data storage device, whereby each 
processing stage assumes the active state only when the stage 
contains a predetermined stage activation signal pattern and 
remains in the activation mode until the stage contains a 
predetermined stage deactivation pattern. 

In accordance with the invention, one of the stages is 
a Start Code Detector for receiving the input and being 
adapted to generate and/or convert the tokens. The Start 
Code Detector is responsive to data to create tokens, 
searches for and detects start codes and produces tokens in 
response thereto, and is capable of detecting overlapping 
start codes, whereby the first start code is ignored and the 
second start code is used to create start code tokens. 

The Start Code Detector stage is adapted to search an 
input data stream in a search mode for a selected start code. 
The detector searches for breaks in the data stream, and the 
search may be made of data from an external data source. The 
Start Code Detector stage may produce a START CODE token, a 
PICTURE_START token, a SLICE_ST.\RT token, a PICTURE_END 
token, a SEQUENCE_START token, a SEQUENCE_END token, and/or 
a GROUP_START token. The Start Cede Detector stage may also 
perform a padding function by adding bits to the last word of 
a token. 

The Start Code Detector may provide, in a machine for 
handling a plurality of separately encoded bit streams 
arranged as a serial bit stream of digital bits and having 
separately encoded pairs of start codes and data carried in 
the serial bit stream, a Start Code Detector subsystem having 
first, second and third registers connected in serial 
fashion, each of the registers storing a different number of 
bits from the bit stream, the first register storing a value, 
the second register and a first decode means identifying a 



start code associated with the value contained in said first 
register. Circuit means shift the latter value to a 
predetermined end of the third register, and a second decode 
means is arranged for accepting data from the third register 
in parallel, 

A memory may also be provided which is responsive to the 
second decode means for providing one or more control tokens 
stored in the memory as a result of the decoding of the value 
associated with the start code, A plurality of tag shift 
registers may be provided for handling tags indicating the 
validity of data from the registers. The system may also 
include means for accessing the input data stream from a 
microprocessor interface, and means for formatting and 
organizing the data stream. 

In accordance with the invention, the Start Code 
Detector may identify start codes of varying widths 
associated with differently encoded bit streams. The 
detector may generate a plurality of DATA Tokens from the 
input data stream. Further in accordance with the invention, 
the system may be a pipeline system and the Start Code 
Detector may be positioned as the first processing stage in 
the pipeline. 

The present invention also provides, in a digital 
picture information processing system, means for selectively 
configuring the system to process data in accordance with a 
plurality of different picture compression/decompression 
standards. The* picture standards may include JPEG, MPEG, 
and/or H,261, or any other standards and any combination of 
such picture standards, without departing in any way from the 
spirit and scope of the invention. In accordance with the 
invention, the system may include a spatial decoder for video 
data and having a Huffman decoder, an index to data and an 
arithmetic logic unit with a microcode ROM having separate 
stored programs for each of a plurality of different picture 



compression/decompression standards, such programs being 
selectable by an interfacing adaptation unit in the form of 
a token, so that processing for a plurality of picture 
standards is facilitated. A multi-standard system in 
accordance with the invention, may utilize tokens for its 
operation regardless of the selected picture standard, and 
the tokens may be utilized as a generic communication 
protocol in the system for all of the various picture 
standards. The system may be further characterized by a 
multi-standard token for mapping differently encoded data 
streams arranged on a single serial stream of data onto a 
single decoder using a mixture of standard dependent and 
standard independent hardware and control tokens. The system 
may also include an address generation means for arranging 
macroblocks of data associated with different picture 
standards into a common addressing scheme. 

The present invention also provides, in a system having 
a plurality of processing stages, a universal adaptation unit 
in the form of an interactive interfacing token for control 
and/or data functions among the processing stages, the token 
being a PICTURE_START code token for indicating that the 
start of a picture will follow in the subsequent DATA token. 

The token may also be a PICTUR£_END token for indicating 
the end of an individual picture. 

The token may also be a FLUSH token for clearing buffers 
and resetting the system as it proceeds down the system from 
the input to the output. In accordance with the invention, 
the FLUSH token, may variably reset the stages as the token 
proceeds down the pipeline. 

The token may also be a CODING_STANDARD token for 
conditioning the system for processing in a selected one of 
a plurality of picture compression/decompression standards. 

The CODING_STANDARD token may designate the -picture 
standard as JPEG, and/or any other appropriate' picture 
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standard. At least some of the processing stages reconfigure 
in response to the CODING_STANDARD token. 

One of the processing stages in the system may be a 
Huffman decoder and parser and, upon receipt of a 
CODING_STANDARD control token, the parser is reset to an 
address location corresponding to the location of a program 
for handling the picture standard identified by the 
CODING_STANDARD control token. A reset address may also be 
selected by the CODING_STANDARD control token corresponding 
to a memory location used for testing the Huffman decoder and 
parser . 

The Huffman decoder may include a decoding stage and an 
Index to Data stage, and the parser stage may send an 
instruction to the Index to Data Unit to select tables needed 
for a particular identified coding standard, the parser stage 
indicating whether the arriving data is inverted or not. 

The af oredescribed tokens may take the form of an 
interactive metamorphic interfacing token. 

The present invention also provides a system for 
decoding video data, having a Huffman decoder, an index to 
data (ITOD) stage, an arithmetic logic unit (ALU) , and a data 
buffering means immediately following the system, whereby 
time spread for video pictures of varying data size can be 
controlled . 

The system may include a spatial decoder having a two- 
wire interface intercon-necting processing stages, the 
interface enabling serial processing for data and parallel 
processing for control. 

As previously indicated, the system may further include 
a ROM having separate stored programs for each of a plurality 
of picture standards, the programs being selectable by a 
token to facilitate processing for a plurality of different 
picture standards . 
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The spatial decoder system also includes a token 
formatter for formatting tokens, so that DATA tokens are 
created. 

The system may also include a decoding stage and a 
parser stage for sending an instruction to the Index to Data 
Unit to select tables needed for a particular identified 
coding standard, the parser stage indicating . whether the 
arriving data is inverted or not. The tables may be arranged 
within a memory for enabling multiple use of the tables where 
appropriate. 

The present invention also provides a pipeline system 
having an input data stream, and a processing stage for 
receiving the input data stream, the stage including means 
for recognizing specified bit stream patterns, whereby said 
stage facilitates random access and error recovery. In 
accordance with the invention, the processing stage may be a 
start code detector and the bit stream patterns may include 
start codes. Hence, the invention provides a search-mode 
means for searching differently encoded data streams arranged 
as a single serial stream of data for allowing random access 
and enhanced error recovery. 

The present invention also provides a pipeline machine 
having means for performing a stop-after-picture operation 
for achieving a clear end to picture data decoding, for 
indicating the end of a picture, and for clearing the 
pipeline, wherein such means generates a combination of a 
PICTURE_END tokej-i and a FLUSH token. 

The present invention also provides, in a pipeline 
machine, a fixed size, fixed width buffer and means for 
padding the buffer to pass an arbitrary number of bits 
through the buffer. The padding means may be a start code 
detector. 

Padding may be performed only on the last word of a 
token and padding insures uniformity of word size. In 



accordance with the invention, a reconf igurable processing 
stage may be provided as a spatial decoder and the padding 
means adds to picture data being handled by the spatial 
decoder suf f icent additional bits such that each decompressed 
picture at the output of the spatial decoder is of the same 
length in bits. 

The present invention also provides, in a system having 
a data stream including run length code, an inverse modeller 
means active upon the data stream from a token for expending 
out the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 
number of values. The token may be a DATA token. 

The inverse modeller means blocks tokens which lack the 
specified number of values, and the specified number of 
values may be 64 coefficients in a presently preferred 
embodiment of the invention. 

The practice of the invention may include an expanding 
circuit for accepting a DATA token having run length codes 
and decoding the run length codes. A padder circuit in 
communication with the expanding circuit checks that the DATA 
token has a predetermined length so that if the DATA token 
has less than the predetermined length, the padder circuit 
adds units of data to the DATA token until the predetermined 
length is achieved. A bypass circuit is also provided for 
bypassing any token other than a DATA token around the 
expanding circuit and the padding circuit. 

In accordance with the invention, a method is provided 
for data to efficiently fill a buffer, including providing 
first type tokens having a first predetermined width, and at 
least one of the following formats: 

Format A - ExxxxxxLLLLLLLLLLL 

Format B - ERRRRRRLLLLLLLLLLL 

Format C - EOOOOOOLLLLLLLLLLL 
where E=extention bit; F=specifics format; R=run bit; 
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Ir=length bit or non-data token; x="don't care" bit, splitting 
format A tokens into a format Oa token having a for:m of 
ELLLLLLLLLLL , splitting format B tokens into a format 1 token 
5 having the form of FRRRRRROOOOO and a format Oa data token, 
splitting format C tokens into a format 0 token having the 
form of FLLLLLLLLLLL , and packing format 0, format Oa and 
format 1 tokens into a buffer, having a second predetermined 
width. 

10 The invention also provides an apparatus for providing 

a time delay to a group of compressed pictures, the pictures 
corresponding to a video compression/ decompression standard, 
wherein words of data containing compressed pictures are 
counted by a counter circuit and a microprocessor, in 
15 communication with the counter circuit and adapted to receive 
start-up information consistent with the standard of video 
decompression, communicates the start-up information to the 
counter circuit. 

hx An inverse modeller circuit, for accepting the words of 

2 0 data and capable of delaying the words of data, is in 

communication with a control circuit intermediate the counter 
circuit and the inverse modeller circuit, the control circuit 
also communicating with the counter circuit which compares 
the start-up information with the counted words of data and 
25 signals the control circuit. The control circuit queues the 
signals in correspondence to the words of data that have met 
the start-up criterion and controls the inverse modeller 
delay feature. • 

The present invention also provides in a pipeline system 

3 0 having an inverse modeller stage and an inverse discrete 

cosine transform stage, the improvement characterized by a 
processing stage, positioned between the inverse modeller 
stage and the inverse discrete cosine transform stage, 
responsive to a token table for processing data. 
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In accordance with the invention, the token may be a 
QUANT_TABLE token for causing the processing stage to 
generate a quantization table. 

The present invention also provides a Huffman decoder 
for decoding data words encoded according to the Huffman 
coding provisions of either H.261, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were coded, 
and comprising means for receiving the Huffman coded data 
words, means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
words, means for converting the data words to JPEG Huffman 
coded data words, if necessary, in response to reading the 
identifier that identifies the Huffman coded data words as 
H.261 or MPEG Huffman coded, means operably connected to the 
Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 
means, and means .for operating a lookup table containing a 
Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output -that 
is a decoded data word corresponding to the index number. 

The invention further relates, in varying degrees of 
scope, to a method for decoding data words encoded according 
to the Huffman •coding provisions of either H.261, JPEG or 
MPEG standards, the data words including an identifier that 
identifies the Huffman code standard under which the data 
words were coded, such steps comprising receiving the Huffman 
coded data words, including reading the identifier to 
determine which standard governed the Huffman coding of the 
received data words, if necessary, in response to reading the 
identifier that identifies the Huffman coded data words as 
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H.261 or MPEG Huffman coded, generating an index number 
associated with each JPEG Huffman coded data word received, 
operating a lookup table containing a Huffman code table 
having the format used under the JPEG standard to transmit 
JPEG Huffman table information, including receiving an index 
number, and generating a decoded data word corresponding to 
the received index number. 

The above and other objectives and advantages of the 
invention will become apparent from the following more 
detailed description when taken in conjunction with the 
accompanying drawings . 
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DESCRIPTION OF THE DRAWINGS 

Figure. 1 illustrates six cycles of a six-stage pipeline for 
different combinations of two internal control signals; 
Figures, 2a and 2b illustrate a pipeline in which each stage 
includes auxiliary data storage. They also show the manner 
in which pipeline stages can "compress" and "expand" in 
response to delays in the pipelined- 
Figures. 3a(l), 3a(2), 3b(l) and 3b(2) illustrate the control 
of data transfer between stages of a preferred embodiment of 
a pipeline using a two-wire interface and a multi-phase 
clock; 

Figure. 4 is a block diagram that illustrates a basic 
embodiment of a pipeline stage that incorporates a two-wire 
transfer control and also shows two consecutive pipeline 
processing stages with the two-wire transfer control; 
Figures. 5a and 5b taken together depict one example of a 
timing diagram that shows the relationship between timing 
signals, input and output data, and internal control signals 
used in the pipeline stage as shown in Figure. 4; 
Figure. 6 is a block diagram of one example of a pipeline 
stage that holds its state under the control of an extension 
bit; 

Figure, 7 is a block diagram of a pipeline stage that decodes 
stage activation data words; 

Figures, 8a and 8b taken together form a block diagram 
showing the use of the two-wire transfer control in an 
exemplifying "data duplication" pipeline stage; 
Figures. 9a and 9b taken together depict one example of a 
timing diagram that shows the two-phase clock, the two-wire 
transfer control signals and the other internal data and 
control signals used in the exemplifying embodiment shown in 
Figures. 8a and 8b, 

Figure 10 is a block diagram of a reconf igurable processing 
stage; 
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Figure 11 is a block diagram of a spatial decoder; 
Figure 12 is a block diagram of a temporal decoders- 
Figure 13 is a block diagram of a video formatter; 
5 Figures I4a-c show- various arrangements of memory blocks used 
in the present invention: 

Figure I4a is a memory map showing a first 
arrangement of macroblocks; 

Figure 14b is a memory map showing a second 
10 arrangement of macroblocks; 

Figure 14c is a memory map showing a further 
arrangement of macroblocks; 
Figure 15 shows a Venn diagram of possible table selection 

■ji: 

\| values ; 

IJlJ: 15 Figvire 16 shows the variable length of picture data used in 

1^1 the present invention; 

Figure 17 is a block diagram of the temporal decoder 
including the prediction filters; 

Figure 18 is a pictorial representation of the prediction 

2 0 filtering process; 
Figure 19 shows a generalized representation of the 
macroblock structure; 

Figure 2 0 shows a generalized block diagram of a Start Code 
Detector; 

25 Figure 21 illustrates examples of start codes in a data 
stream; 

Figure 22 is a block diagram depicting the relationship 
between the flaar generator, decode index, header 
generator, extra word generator and output latches; 

3 0 Figure 23 is a block diagram of the Spatial Decoder DRAW 
interface; 

Figure 24 is a block diagram of a write swing buffer; 
Figure 25 is a pictorial diagram illustrating prediction data 
offset from the block being processed; 
35 Figure 26 is a pictorial diagram illustrating prediction data 



offset by (1, 1) ; 

•Figure 27 is a block diagram illustrating the Huffman decoder 

and parser state machine of the Spatial Decoder. 

Figure 28 is a block diagram illustrating the prediction 

filter. 
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Figure 34 

Figure 35 
10 8 bits; 

Figiare 36 

Figure 3 7 

Figure 38 

interfaces ; 
15 Figure 3 9 

Figure 4 0 

Figure 41 

Figure 42 

Figure 4 3 
20 Figure 44 

transfers; 

Figure 4 5 

Figure 4 6 

Figure 47 
25 Figure 48 

deep DRAMS (9 bit 

•Figure 49 

signal ; 

Figure 50 
3 0 strobe signals; 

Figure 51 

a strobe ; 

Figure 5 2 

a strobe ; 
35 Figure 53 

Figure 54 

Figure 55 

the memory map; 

Figure 56 
40 Figure 57 

Figure 58 

Figure 59 

circuit; 

Figure 60 
45 Figure 61 

Figure 62 

to Tokens ; 

Figure 63 

Tokens ; 
50 Figure 64 

aligned) ; 

Figure 65 



shows a typical decoder system; 

shows a JPEG still picture decoder; 

shows a JPEG video decoder; 

shows a multi-standard video decoder; 

shows the start and the end of a token; 

shows a token address and data fields; 

shows a token on an interface wider than 

shows a macroblock structure; 

shows a two-wire interface protocol; 

shows the location of external two-wire 

shows clock propagation; 

shows two-wire interface timing; 

shows examples of access structure; 

shows a read transfer cycle; 

shows an access start timing; 

shows an example access with two write 

shows a read transfer cycle; 
shows a write transfer cycle; 
shows a refresh cycle; 

shows a 3 2 bit data bus and a 256 kbit 
row address) ; 

shows timing parameters for any strobe 

shows timing parameters between any two 

shows timing parameters between a bus and 

shows timing parameters between a bus and 

shows an MPI read timing; 

shows an MPI write timing; 

shows organization of large integers in 

shows a typical decoder clock regime; 

shows input clock requirements; 

shows the Spatial Decoder; 

shows the inputs and outputs of the input 

shows the coded port protocol; 
shows the start code detector; 
shows start codes detected and converted 

shows the start codes detector -* passing 

shows overlapping MPEG start codes (byte 

shows overlapping MPEG start codes (not 
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byte aligned) ; 
Figure 66 shows 
sequences ; 

Figure 67 shows 
insertions- 
Figure 68 shows 
Figure 6 9 shows 
output ; 

Figure 7 0 shows 
Figure 71 shows 
Figure 72 shows 
Figure 7 3 shows 
Figure 74 shows 
macroblock; 
Figure 75 
from pel ones; 
Figure 7 6 shows 
Figure 77 shows 
quantizations- 
Figure 78 shows 
quantization ; 
Figure 79 shows 
quantizations- 
Figure 8 0 shows 
Figure 81 shows 
sequential structure ; 
Figure 82 shows 



jumping between two video 

a sequence of extra Token 

decoder start-up controls- 
enabled streams queued before the 

a spatial decoder buffer; 
a buffer pointer; 
a video demux; 

a construction of a picture; 

a construction of a 4:2:2 

shows a calculating macroblock dimension 



Figure 83 
Figure 84 
Figure 85 
Figure 86 . 
output ; 
Fig\ire 87 
and output; 
Figure 88 
output ; 
Figure 8 9 
Figure 90 
Figure 91 
Figure 92 
Figiore 93 
Figure 94 
blocks ; 
Figure 95 
Figure 9 6 
macroblocks , 
Figure 97 
Figure 98 
Figure 99 
blocks ; 
Figure 100 
Figure 101 



shows 
shows 
shows 
shows 

shows 



spatial decoding; 
an overview of H-261 inverse 

an overview of JPEG inverse 

an overview of MPEG inverse 

a quantization table memory map; 
an overview of JPEG baseline 

a tokenised JPEG picture; 

a temporal decoder; 

a picture buffer specification; 

an MPEG picture sequence (m=3); 

how "I" pictures are stored and 



how "P" pictures are formed, stored 

shows how "B" pictures are formed and 

shows P picture formation; 

shows H.261 prediction formation; 

shows an H.2 61 "sequence"; 

shows a hierarchy of H.261 syntax; 

shows an H.2 61 picture layer; 

shows an H.261 arrangement of groups of 

shows an H.261 "slice" layer; 

shows an H.261 arrangement of 

shows an H.2 61 sequence of blocks; 

shows an H.261 macroblock layer; 

shows an H.2 61 arrangement of pels in 

shows a hierarchy^ of MPEG syntax; 
shows an MPEG sequence layer; 
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a strobe ; 
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an MPEG "slice" layer; 
an MPEG sequence of bio 
an MPEG macroblock laye 
an "open GOP" ; 
examples of access stru 
access start timing; 
a fast page read cycle; 
a fast page write cycle 
a refresh cycle; 



shows an interface to the Huffman Token 



a DRAM interface; 



a block diagram showing; 
microprocessor test access; 
Figure 141 shows l-D Transform Micro-Architecture; 
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Figure 142 
Figure 143 
interface stage; 
Figure 14 4 
diagram; 
Figure 14 5 
Figure 14 6 
Figure 147 
Figure 14 8 
Figure 14 9 
Figure 150 
Figure 151 
Figure 152 
Figure 153 
Figure 154 
Figure 155 



shows a temporal decoder block diagram; 
shows the structure of a Two-wire 

shows the address generator block 



shows the block and pixel offsets; 
shows multiple prediction filters; 
shows a single prediction filters- 
shows the 1-D prediction filter; 
shows a block of pixels; 
shows the structure of the read rudder; 
shows the block and pixel offsets; 
shows a prediction examples- 
shows the read cycle; 
shows the write cycle; 

shows the top-level registers block 
diagram with timing references ; 
Figure 156 shows the 

presentation numbers; 

Figure 157 shows the buffer manager state machine 

(complete) ; 

Figure 158 shows the state machine main loop; 

Figure 159 shows the buffer 0 containing an SIF (22 

by 18 macroblocks) picture; 

Figure 160 shows the SIF component 0 with a display 

window; 

Figure 161 shows an example picture format showing 

storage block address; 

Figure 162 shows a buffer 0 containing a SIF (22 by 

18 macroblocks) picture; 



control for incrementing 



Figure 163 
Figure 164 
machine ; 
Figure 165 
Figure 166 
datapath; 
Figure 167 
Figure 168 
and 

Figure 169 
converter . 



shows an example address calculation; 
shows a write address generation state 



shows a slice of the datapath; 
shows a two cycle operation 



of the 



shows mode 1 filtering; 

shows a horizontal up-sampler datapath; 
shows the structure of the color-space 
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In th ensuing description of the practice of the 
invention, the following terms are frequently used and are 
generally defined by the following glossary: 
^ GLOSSARY 

BLOCK: An 8-row by 8-column matrix of pels, or 64 DOT 
coefficients (source, quantized or dequantized) . 
CHROMINANCE (COMPONENT): A matrix, block or single pel 
representing one of the two color difference signals related 
10 to the primary colors in the manner defined in the bit 
stream. The symbols used for the color difference signals 
are Or and Cb. 

CODED REPRESENTATION: A data element as represented in its 
encoded form. 

15 CODED VIDEO BIT STREAM: A coded representation of a series of 
one or more pictures as defined in this specification. 
CODED ORDER: The order in which the pictures are transmitted 
and decoded. This order is not necessarily the same as the 
display order. 

20 COMPONENT: A matrix, block or single pel from one of the 
three matrices (luminance and two chrominance) that make up 
a picture. 

COMPRESSION: Reduction in the number of bits used to 
represent an item of data. 
25 DECODER: An embodiment of a decoding process. 

DECODING (PROCESS): The process defined in this specification 
that reads an input coded bitstream and produces decoded 
pictures or audio samples. 

DISPLAY ORDER: The order in which the decoded pictures are 
3 0 displayed. Typically, this is the same order in which they 
were presented at the input of the encoder. 

ENCODING (PROCESS): A process, not specified in this 
specification, that reads a stream of input pictures or audio 
samples and produces a valid coded bitstream as defined in 
35 this specification. 



INTRA COOING: Coding of a macroblock or picture that uses 
information only from that macroblock or picture, 
LUMINANCE (COMPONENT): A matrix, block or single pel 
representing a monochrome representation of the signal and 
related to the primary colors in the manner defined in the 
bit stream • The symbol used for luminance is Y. 
MACROBLOCK: The four 8 by 8 blocks of luminance data and the 
two (for 4:2:0 chroma format) four (for 4:2:2 chroma format) 
or eight (for 4:4:4 chroma format) corresponding 8 by 8 
blocks of chrominance data coming from a 16 by 16 section of 
the luminance component of the picture, Macroblock is 
sometimes used to refer to the pel data and sometimes to the 
coded representation of the pel values and other data 
elements defined in the macroblock header of the syntax 
defined in this part of this specification. To one of 
ordinary skill in the art, the usage is clear from the 
context . 

MOTION COMPENSATION: The use of motion vectors to improve the 
efficiency of the prediction of pel values. The prediction 
uses motion vectors to provide offsets into the past and/or 
future reference pictures containing previously decoded pel 
values that are used to form the prediction error signal, 
MOTION VECTOR: A two-dimensional vector used for motion 
compensation that provides an offset from the coordinate 
position in the current picture to the coordinates in a 
reference picture, 

NON-INTRA CODING: Coding of a macroblock or picture that uses 
information both from itself and from macroblocks and 
pictures occurring at other times. 
PEL: Picture element. 

PICTURE: Source, coded or reconstructed image data. A source 
or reconstructed picture consists of three rectangular 
matrices of 8-bit numbers representing the luminance and two 
chrominance signals. For progressive video, a picture is 
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identical to a frame, while for interlaced video, a picture 
can refer to a frame, or the top field or the bottom field of 
the frame depending on the context. 
5 PREDICTION: The use of a predictor to provide an estimate of 
the pel value or data element currently being decoded, 
RECONFIGtJRABLE PROCESS STAGE (RPS) : A Stage, which in 
response to a recognized token, reconfigures itself to 
perform various operations • 
10 SLICE: A series of macroblocks. 

TOKEN: A universal adaptation unit in the form of an 
interactive interfacing messenger package for control and/or 
data functions. 

START CODES [SYSTEM AND VIDEO]: 3 2-bit codes embedded in a 
15 coded bitstream that are unique. They are used for several 
purposes including identifying some of the structures in the 
coding syntax. 

VARIABLE LENGTH CODING; VLC: A reversible procedure for 
coding that assigns shorter code-words to frequent events and 
2 0 longer code-words to less frequent events. 

VIDEO SEQUENCE: A series of one or more pictures. 
Detailed Descriptions 



DESCRIPTION OF THE PREFERRED EMBODIMENT ( 8 } 
As an introduction to the most general features used in a 
pipeline system which is utilized in the preferred 
embodiments of the invention. Fig. 1 is a greatly simplified 
illustration of six cycles of a six-stage pipeline. (As is 
explained in greater detail below, the preferred embodiment 
of the pipeline includes several advantageous features not 
shown in Fig 1. ) • 

Referring now to the drawings, wherein like reference 
numerals denote like or corresponding elements throughout the 
various figures of the drawings, and more particularly to 
Fig. 1, there is shown a block diagram of six cycles in 
practice of the present invention. Each row of boxes 
illustrates a cycle and each of the different stages are 
labelled A-F, respectively. Each shaded box indicates that 
the corresponding stage holds valid data, i.e., data that is 
to be processed in one of the pipeline stages. After 
processing (which may involve nothing more than a simple 
transfer without manipulation of the data) valid data is 
transferred out of the pipeline as valid output data. 

Note that an actual pipeline application may include more 
or fewer than six pipeline stages. As will be appreciated, 
the present invention may be used with any number of pipeline 
stages. Furthermore, data may be processed in more than one 
stage and the processing time for different stages can 
differ. 

In addition to clock and data signals (described below) , 
the pipeline includes two transfer control signals — a 
"VALID" signal and an "ACCEPT" signal. These signals are 
used to control the transfer of data within the pipeline. 
The VALID signal, which is illustrated as the upper of the 
two lines connecting neighboring stages, is passed in a 
forward or downstream direction from each pipeline stage to 
the nearest neighboring device. This device may be another 
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pxpeUn. sra=,e or some orher s,.«». For e«„ple, .He las- 
Pipelxne sta,e -ay pass da.a on to subsequent pr^cesstL 
= .rcu.»>.. T.. .CCEPT .i,nal, .Men is iUus.rarras , 
lower Of tne two Un.s connectin, neig.bor.n, stages pisses 
in «e other direction upstream to a pr.c.din, device 

A data Pipeline system of the type used in the practice of 
the present invention has, in preferred embodiments, on. - 
mere of the foliouin, characteristics; 

1- The pipeline is ".lastic" such that a delay at a 
particular pipeline stage causes the minimum disturbance 
possible to other pipeline sta,.s. Succeedin, pip, " 
. ,es are allowed to continue processing and, Lerefo e 
h means that ,.ps open up in the stream of data 
following the delayed stage. Similarly, preceding 
P pelihe stages may also continue where possible x" Ms - 
-se, any gaps in the data stream may, wherever poss-ble 
be removed from the stream of data. 

2- control signals that arbitrate the pipeline a-e 
organised so that they only propagate to the neare;- 
neig boring pipeline stages. m the case of s gn" 
no.ing in the same direction as the data flow th!s s 
. e immediately succeeding stage, m the case of al's 
owing in the opposite direction to the data flo^ tn s 
iS the immediately preceding stage. ' 
3. The data in the pipeline is encoded such that 
different types of data are processed in th p , ^ 
This encoding accommodates data pacKets of variable" e 

<^ The overhead associated with describing the type c- 
oa-a IS as small as -possible.' 

1=="^"^ for each pipeline stage to rec==„:.-e 
on.^ ^he -ininum number of data -vna= 

ui,pes that are needed fc- 

-= oas?'"' -i^l ab:e 

-= pass au aata types onto the succeeding stage even 
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though ir does not recognise then. This enable. 
co.„unicarion between non-adjacent pipeline stages 
Although not shown in Fio i 

_ e..n„ u„e, o. «.e.;;,;;u:r Lr :::r. 

. data bus t.at also I... i„„ = ' 

A. xs ,xpl.in.d and Ulustrat.a in ,r««r .erail belc. .a.a 
.s .ransf„red into, out of, and betwe.n the sta,„ of " 
pip.Une over the data lines. 

Note that the first pipeiin. sta,e may receive . 
- control Signals fro. an, for. of precedin; Tvlc o" 

":-e "a::::'""" ^ * -^'^^^ «ans»iss;:; 

syscen, another pipeline or- i-k^ i ; 

h^-LHcj-xne, or the like. On the othor- k^i-^w 

-X generate itself, all or part of the data to be process^ 
in the Pipeline. „ ,^ below a 't":! 

Z 7;r— ""^ in. Circuitry, includin, none" 

nple VT' °' " f-'o 

example, another pioelina ^*wir 

r.- Pipeline or even multiple svstenc or- 

pipelines^ ; 4. t^^^ a»y5wems or 

desxred -^^-er ate, change, and delete data as 

0 When a pipeline stage contains valid data th.r ■ 

transferred down the nin«i- 

. pipeline, the VALID sianal -.k w 

indicates data i i ^ ; «. r^^-j-u signal, which 

rH ^^i^d^ty, need not be transferred further than 

the Immediately subsequent pipeline stage A t"! 
--rface is. therefore, included between every Z'r7^ 
> pipeline stages in the system. This includes a To V 
interface between a preceding device and the fir t st I a " 
between a subsequent device and rh^ i ^ 
devices ar. in.i . /"^^^^^ the last stage, if such other 

uevices are included and data w 

the. and the pipeline. " transferred between 

,0.'"",°' "d VA.ID, has a HICH ano a 

;!".;.; , abbreviates as "H" and 

r spec-ively. The nost con.on applications of the p.peUne 

da=,i.al ..ple.entations, the HIGH value r.ay. f.-r 
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!o" "^y ^« ' io9i=«i 

The syste,. is r,ot restricted to digital 
..ple„e„t.ti=„., .=„ever. and in an.io, implementations the 
HICH veiu. ^e . volt.,, or other similar quantity ..o.. 

(or b.low, a set threshold, with the value ..m, 

indicated by the corresponding signal b.ing below ,or above' 

th.° "?s°t"" For digital applications, 

th. pr.s.nt invention m.y b. impl.m.„t.d using any .noun 
technology, such as CMOS, bipolar etc. 

It xs not necessary to use a distinct storage device and 
-ires to provide for storage of VALID signals. This is true 
even , , embodiment. All that is required is that 

the d" t"""" °' "-liciity.. Of the data be stored along with 
th. data. By way of example only, i„ digital television 
Pictures that ar. represented by digital valu.s, as specified 
in tn. international standard ccip soi, certain spec - c 
values are not allowed. m this syst.m, eight-bit 'bin ^ 
numbers are used to represent samples of the picture an 
values zero and 255 may not be used 

If such a Picture were to b. processed in a pipeline buUt 
in the practice of the present invention, then one of th^se 
V lues ,..ro, for ..ample) could be used to indicate t a he 
data in a specific stage in the pipeline is not valid 
Accordingly, any non-.ero data would be deemed to be va d 
in this example, there is no specific latch that can be 
identified and said to be storing the ..validness" " the 

ZZ'T -^^--y the data :s 

Stored along with the data. 

AS Shown in Fig. i. the state of the VALID signal .nto 
each stage is indicated as an "H" or an "L" on an uppe^ 
^^gr.t-pointed arrow. Therefore, the VALID signal from Staol 
>■ into Stage B is LOW, and the VALID signal from Stage ^ 
Stage z is HIGH. The state of the ACCEPT signal into 11- 
stage is indicated as an "H" or an "L" on a lower 
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pointing arrow. Hence, the ACCEPT signal from stage E xn^o 
Stage D is HIGH, whereas the ACCEPT signal fron, the dev.ce 
connected downstream of the pipeline into Stage F is LOW 

Data xs transferred from one stage to another during a 
cycle (explained below, whenever the ACCEPT signal of the 
downstream stage into its upstream neighbor is HIGH. if the 
ACCEPT signal is LOW between two stages, then data is not 
transferred between these stages. 

Referring again to Fig. i, if ^ box is shaded, the 
corresponding pipeline stage is assumed, by way of example 
to contain valid output data. Likewise, the VALID signal 

HIGH. Fig. 1 Illustrates the pipeline when stages B, D, and 

E contain valid data. Stages A c ^nH r ^ 
^^i- . . ^ ^'-ages A, c, and F do not contain 

vaUd data. At the b.c,i„„i„,, the VALID signal Into pipeline 
="9. A .3 H1=H. n„„,n, that the data on the .rJ^slZ 
*^ne into the pipeline is valid. 

r IS L0«, so that no data, whether valid or not is 
tra s..„., ^ ^^^^ ^^^^ ^^^^ ^^^^^ ^ 

h n" """""" ^«-— " P^P«l-« S"9.s. invalid data 
- .h .s data not worth sav.n,, written over, thereof 

1 1 ! " "' Pipeline. However, valid data Ist 

not te written over since It is data that »ust be saved for 
processing or use in a downstrea. d.vic. , ^.^^.^^^ 

stage, a device or a syst.n connected to the pipeline h" 
receives data from the pipeline. 

■al'd Z\ "T''" i'^""""- i" r.,. i, stag, r contains 
-alid data oi, stage D contains valid data 02. stage 3 
^cntains valid data S2 . and a device (not shown) con.nected -- 
-.ne pipeline upstream contains data D4 that is to ^e 
-ansferred into and processed in the pipeline, stages 3 - 
a.-d Z. in addition to the upstream device, contain valid data 
a.n-, therefore, the VALID signal from these stages or devices 
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into their respective following devices is HIGH. The VALID 
Signal from the Stages A, c and F is, however, LOW since 
these stages do not contain valid data. 

Assume now that the device connected downstream from the 
pipeline is not ready to accept data from the pipeline The 
device Signals this by setting the corresponding ACCEPT 
signal LOW into Stage F. Stage F itself, however, does not 
contain valid data and is, therefore, able to accept data 
from the preceding Stage E. Hence, the ACCEPT signal fror, 
stage F into Stage E is set HIGH. 

Sir.ilarly, Stage E contains valid data and stage F is 
ready to accept this data. Hence, stage E can accept new 
data as long as the valid data Dl is first transferred to 
Stage F. In other words, although Stage F cannot transfer 
data downstream, all the other stages can do so without any 
valid data being overwritten or lost. At the end of Cycle i 
data can, therefore, be -shifted" one step to the righ^ 
.his condition is shown in Cycle 2. 

in the illustrated example, the downstream device is stiU 

ACCEpT'sian:/"''' "^'^ ' — — 

ACCEPT signal into Stage F is still LOW. stage F cannot 

therefore, accept new data since doing so would cause valid 

data Dl to be overwritten and lost. The ACCEPT signal from 

Stage F into Stage E, therefore, goes LOW. as does the accept 

valid'daTnr'' ' "'^'^ ' '^^'^ ' ^ 

valid data D2 . All of the stages A-D, however, are ab^e ^o 

accept new data (either because they do not contain ^ali'd 

data or because they are able to shift their valid data 

downstream and accept new data) and they signal this 

wondirion to their immediate! v nr^n^^^r^r. r>^^«Kw 

-to-uc^y precewing neighbors by sert^na 

'neir corresponding ACCEPT signals HIGH. 

The state of the pipelines after Cycle 2 is illustrated ■- 
I for the row labelled Cycle 3. Bv way of examole 
■s assuned that the downstream device is still not readv r . 
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accept new data from Stage F rthe AC-rpr . 

r ttne a(^>.£:pt signal into Starro r 

- LOW,. s^.,es H .„a r, ..e.efo.e, „e s.ilX ..M==J"\; 

- cycle 3, st„e o has received rh. valid data D3, „Mch hal 
_ overwritten th. xnvaUd data that „as previously i„ \h 3 
= sta,e. s.nc. sta,e D cann« pass on data D3 in cycle 3 i- 

cannot accept new data and, therefore, sets the accept signal 
ihto st.,e c LOW. However, stages A-c are ready to accep 

'^-^ correspond^'; 

ACCZPT Signals HICH. Not. that data o< has been shiftL i^o! 

-^0 stage A to Stage B. 

Assu». now that the downstrean, device becomes ready to 
accept new data in cycle It signals this to the pipeline 

St'ag"";": ^ ""=u,h 

do 1-%.' """" "'^^ "'^ the data 

°'7 " ""P- ^«a. Sine, 

each stag. .s therefore able to shift data on. step 
^^cwnstrea., they s.t their respective acc.pt signals out 

AS long as the ACCEPT signal into th. final pipeline stage 
J (in this example, stage Fl i, uTru . ^ 

Fia 1 . pipeline shown in 

st!o . T ' Pipeline and simply shifts data one 

step downstream on each cycle. Accordingly, in Cycl. 5 da a 

o 't pI" " ' ^^"^ IS Shifted ou 

the pipeline to th. subsequent device, and all other data 
> IS Shifted one step downstream. 



c"irs"°"once" ^^'"^^ ^ 

cycle S. once again, ,nis means that stages O-T ar, no^ 

able to accept new data, and the ACCEPT signals out of t.es. 

n=-ever, the data 05 can The """" <^ownstrea.. 
Pipeline after Cycl. .J^ "l^r^r-^^- 



Th. ability Of th, pi;;"",":? ' " — ' ^ 

preferred embodiments Of the p ^Ien/ accordance with -...e 

une present invention, to 



. 1 - c ' 
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e^pty processing stages is highly advantageous since the 
processing stages in the pipeline thereby become decouple 
fron, one another. m other words, even though a pipeline 
stage nay not be ready to accept data, the entire pipeline 
does not have to stop and wait for the delayed stage 
Rather, when one stage is unable to accept valid data it 
simply forms a temporary "wall" in the pipeline 
Nonetheless, stages downstream of the "wall" can continue to 
advance valid data even to circuitry connected to the 
pipeline, and stages to the left of the "wall" can still 
accept and transfer valid data downstream. Even when several 
pipeline stages temporarily cannot accept new data, other 
stages can continue to operate normally. m particular, the 
Pipeline can continue to accept data into its initial stage 

-annot°7 ' ^'""'^ ^^^^ that 

wannot be advanced due to the next stage not being ready to 

accept new data. As this example illustrates, data can be 
.rans.erred into the pipeline and between stages even when 
one or nore processing stages is blocked 

in the embodiment shown in Fig. i, ,t is assumed that the 
various Pipeline stages do not store the ACCEPT signals they 
receive from their immediately following neighbors Instead 
Whenever the ACCEPT signal into a downstream stage goes lot' 
..IS LOW Signal is propagated upstrea. as far as th! neare"; 
pipeline stage that does not contain valid data 
example, referring to Fig. i, ^as assumed that the accept 
signa into Stage F goes LOW in Cycle l. m Cycle 2, the LOW 
Signal propagates from Stage F back to Stage D. 

in cycle 3, when the data D3 is latched into Stage D -he 
■-—APT Signal propagates upstream four stages to Stage C 
•-.en the ACCEPT signal into Stage F goes HIGH in Cycle 4 ^- 
-■-st propagate upstream all the way to Stage C. In orhe- 
^'ords, the Change in the ACCEPT signal must propagate baO: 
--ur stages. it is not necessary, however, in the enbodir.en-. 
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illusrrated in Fig. i, for the ACCEPT signal to propagate aH 
the way back to the beginning of the pipeline if there is 
sone intermediate stage that is able to accept new data 

In the embodiment illustrated in Fig. i, each pipeUne 
stage will still need separate input and output data lat^.es 
to allow data to be transferred between stages without 
unintended overwriting. Also. although the pipeline 
Illustrated in Fig. i is able to "compress" when downst^ea. 
pipeline stages are blocked, i.e., they cannot pass on the 
data they contain, the pipeline does not "expand" to prov de 
stages that contain no valid data between stages that do 
contain valid data. Rather, the ability to compress depends 
on there being cycles during which no valid data is presented 
to the first pipeline stage. 

In cycle A, for example, if the ACCEPT signal into Staoe 
F remained LOW and valid data filled pipeline stages A and 5 
as long as valid data continued to be presented to stage , 
the pipeline would not be able to compress any further and 
V xd input data could be lost. Nonetheless, the pipeline 
.llus rated in Fig. i .educes the risk of data loss since 
as able to compress as long as there is a pipeline stage that 
does not contain valid data. ^ ■ ^ 

Fig. 2 illustrates another embodiment of the pipeline that 
can both compress and expand in a logical manner and wh ^ cn 
includes circuitry that limits propagation of the ACC=-=^ 
siqnal to the nearest preceding stage. Although 11:1 
circuitry for implementing this embodiment is explained a- 
Illustrated in greater detail below. Fig. 2 serves -o 
illustrate the principle by which it operates. 

For ease of comparison only, the input data and ACCI." 
Signals into the pipeline embodiment shown in Fig. 2 are 



sa.^ne as m the pipeline embodiment shown 



in Fi J . 



Accordingly, stages E, D and B contain valid data Dl. 
02. respectively. The ACCEPT signal into Stage F is LCW; , 
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In 



dara D4 is presented to the beginning pipeline Stage A 
Fig. 2. three lines are shown connecting each neighboring 
pair Of pipeline stages. The uppermost line, which may be a 
bus, is a data line. The middle line. is the line over which 
the VALID Signal is transferred, while the bottom line is the 
line over which the ACCEPT signal is transferred. Also as 
before, the ACCEPT signal into Stage F remains LOW except in 
cycle 4. Furthermore, additional data D5 is presented to the 
pipeline in Cycle 4. 

In Fig. 2, each pipeline stage is represented as a block 
divided into two halves to illustrate that each stage in this 
embodiment of the pipeline includes primary and secondary 
data storage elements. In Fig. 2. the primary data storage 
IS Shown as the right half of each stage. However, it will 
be appreciated that this delineation is for the purpose of 
illustration only and is not intended as a limitation 

AS rig. 2 illustrates, as long as the ACCEPT signal m^o 
a stage is HIGH, data is transferred from the primary storage 
e.ements of the stage to the secondary storage elements of 
me o.lowmg stage during any given cycle. Accordingly 
although the ACCEPT signal into stage F is LOW, the ACCEPT 
signal into all other stages is HIGH so that the data Dl D2 
and 03 is shifted forward one stage in Cycle 2 and the data 
o- IS shifted into the first Stage A. 

up to this point, the pipeline embodiment shown in Fig 2 
acts in a manner similar to the pipeline embodiment shown in 
rig. 1. The ACCEPT signal from Stage F into Stage E 
however, is HIGH even though the ACCEPT signal into Stage F 
- LOU. As IS explained below, because of the seconda-v 
storage elements, ir is hot necessary for the LOW ACCEPT 
s.=na. to propagate upstream beyond Stage F. Moreover by 
ieav.ng .he ACCEPT signal into Stage E HIGH, Stage F signals 
^na. 1. ,s ready to accept new data. Since Stage F is nc-. 
"le to transfer the data Dl in its primary storage elements 
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downstream (the ACCEPT signal into Stage F is LOW) in Cycle 
3^ Stage E must, therefore, transfer the data D2 xnto the 
secondary storage elements of stage r. s.nce both the 
pr.nary and the secondary storage elements of stage r now 
contain valid data that cannot be passed on, the accept" 
signal from Stage r into Stage E is set low. Accordingly 
th.s represents a propagation of the LOW ACCEPT s.gnal back 
only one stage relative to Cycle 2, whereas this ACCEPT 
signal had to be propagated bac). all the way to Stage c ,n 
the embodiment shown in Fig. i. 

Since st.,« A-r »re .M. \o p.ss on «eir tne 
ACCEPT sx,nais fro. the stages into their immediately 
preced.n, neighbors are set HIGH, Consequently, the data 0 
and 04 are shxfted one sta,e to the ri,ht so that, in cycle 
^, they are loaded into the primary data storage elements of 
S.a,e z and stag, c, respectively. Although stage r 
contains valid data o: in its primary storage elements, .ts 
secondary storage elements can stxU he used to store other 
-a.a .i.hout risk of overwriting any valid data. 

Assume now, as before, that the ACCEPT signal into stage 
■ becomes HIGH in Cycle xhis indicates that the 

downstream device to whir-h i^k^ • . ■ 

ic. to uhich the pipeline passes data is readv 
to accept data from the pipeline st.o= r k 

.rr-T,-r , P«iine. Stage r, however, has set 

..s ACC.PT signal LOW and, thus, indicates to Stage E that 

^T srgn:? f"'"" " — e'that t 

:h: :Lvcre'°;;;ri:-^; --pen" m 

.ACCEPT HIGH) or h ther da^a °" 
•ow, TK. , <l«a must remain in place (ACCEPT 

o'as ed r T"' ' " "'^'^ °' 

P_assed. from stage r to the following device, the data ,s 

d^tlV" " P—ry storage in stage r, but t.:e 

J an'd" . transferred to stage r. The data 

' --ransferred into the foUowinc Pipel^.e 

>-9es as normal since the following stages have their ACCr.=T 
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Signals HIGH. 

It can b. seen that the provisioh of secondary stc^^ 
eleneht., enables the pipeline .„bodi„.„. shown in r., 

alL d " '"^ into .h.;: 

data blocKs^ol, Da and 03 tor. . ..solid waU" since thei' 

r To"T" the ACCEPT sl,h.l .nto sta^e 

r ,o.s HICH. once this signal does becon,. HIGH, houev,! 

h": the" °" " - - -^-ed 

secondary storage elements of stage r become free to accept 
new data .f .he following device is not able to rece.^e" e 
•ta 0. and the pipeline .„st one. again ..compress . ..;s: 
ho.n in cycle for which the data 03 has been shifted int'o 
.he secondary storage elements of stag. . and the da 
«e.n passed on from Stag. D to stag, t as normal. 

igs 3a,l,, 3a, J,, 3b, 1, and 3b, a, (which are referred to 
collectively as rig.. 3, illustrate g.n.rally a preferred 
er.bodinent of the pipeline Th = * H^exerre. 

Implements the structure shown in "g T Il^ 
non-overlapping cloc. with phases .0 a'nd M^hourr"" 
phase clock is preferred ir -.^ n k Although a two- 

^erred, it be appreciated that it is 

a. so possible to drive the various embodiments of \h 
invention using a clocK with .ore than two phases 

havi'T" " '''^''^^ ^^^^^ - represented as 

having t-o separate boxes which illustrate the prir,a-v and 
secondary storage elements. Also, although the 1 

: or? = ^ '^'^ --^^^"^ -^-^-^ 

=_e o,e. for ease of illustration, only the ACCEPT sianal 

l''- ' ^^'^"'^^ °' ^^^^ =^--9 a doc ohase 

-an ^^^^^^^ indicated in Tig. 3 usmo a.: 

_P-a.. -pointing arrow fcr changes from LOW to HIGH 
a downward-pointing arrow fcr changes from HIGH tr 
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LOW. 



Transfer of dara fro™ one storage element to another .s 
xndacated by a large open arrow. ,3 assumed 7k 

'r&T Tr^ _ • *^ assumed that rh© 

•ALIO s.crn.a our Of th. pr.n,.ry or secondary storage el ' 
Of any ,iven is HISH whenever the , 

= contain valid data. storage elements 

In Fi,. 3, ^y^j, ^^^.^^ consistin, of a f.n 

period of the non-overlappin, clocK phases oo and o. . As L 
explained in greater detail below, data Is transferred f-„ 
the secondary store,. .l.„e„ts .shown as the left box in e^ch 
- st,,e, to the primary store,. ,sh=wn as the ri,ht 

transferred from th. primary storage elements of one stage t"o 

and seoondrry'MagV'.lLrs T'::::".^' 

scted , ^^^9^ further 



the same manner that the ACCEPT signal is passed 

storaae &l&m^r,r pr....ar^ 



ccnn.cted via an internal acceptance line V; 
signal in rh. . """" Pa« an ACcrPT 

fror. stagi 

element wj 

storage element. 

J^^g. 3 shows the oi phase of rv^r-i« , 

and D3 Which wer. ^ ' ^'''^'^ ^^^^ ' 

L^-J, Which were previously shifted mto the ser^nnH 

storage elements of Staoes r n . the secondary 

:>x:ages E, D and B resn^r-r i -/« i • 

^rnrg* r:^""^ --^^ — - -r::: :=t::: 

^age. During the oi phase of Cycle i i-h« , 

/i:a;sr.;tV;.-.or i";^- 

=..ans that th. AC-rp^ = , lUustr.tes, however, th.s 

s-.Dnaa.> storage element HIGH. 

Stair/^''''^ — dary storage elenents c- 

Stage .nto the pr.n.ry storage elements of stage E .s alsc 
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set HIGH since the secondary storage elements of stage F do 
not contain valid data. As before, s.nce the primary storage 
elements of Stage r are able to accept data, data .n all the 
upstream primary and secondary storage elements can be 
Shifted downstream without any valid data being overwritten 
The Shift Of data from one stage to the next takes place 
during the next oO phase in Cycle 2. For example, the val^d 
data Dl contained in the primary storage element of stage'- 
IS Shifted into the secondary storage element of stage r ^he" 
data D4 is Shifted into the pipeline, that is, into th. 
secondary storage element of Stage A, and so forth 

The primary storage element of stage F still does not 
contain valid data during the eo phase in Cycle 2 and 
therefore, the ACCEPT signal from the primary storage' 
elements into the secondary storage elements of Stage 'r 
remains MICH. Ourmg the al phase in Cycle 2, data can 
therefore be shifted yet another step to the right, - . 
-ror, ..^e secondary to the primary storage elements .[^^-^ 
each stage. 

stornr!i' '^'^ ^= P— ^• 

storage elements of stage F, if the ACCEPT into Stage F fro; 

.he downstream device is still LOW, it is not possible to 

shi t data out Of the secondary storage element of Stage ' 

without overwriting and destroying the valid data DI . The 

ACCEPT signal from the primary storage elements into - . 

Data D2. however, can still be shifted into the seconda^v 

storage of stage F since it did not contain valid data a-^ 

-ts ACCEPT Signal out was HIGH. 

. During the oi phase- of Cycle 3, it is not possible 
sr.rt cata D2 into the primary storage elements of S^aoe - 
..though data can be shifted wathm all the previous s\ac = . ' 
.nee valid data is loaded into the secondary storage e^e-e — 

^ Stage F, however. Stage F is not able to pass c- 
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data. It s.,„al, this ev.nt ,ettx„, its ACCEPT si,„el out 

Assu„i„, that the ACCEPT Si,„ai into sta,e r re^a.ns LOW 
data upstr„„ of sta,. r can continue to be shifted between 
s.a,es ana within stages on the respective doc. phases unt 
rhe next valid data bloc, o: reaches the pri„,r, storage 
elements of sta,e t. As illustrated, this condition Is 
reached durin, the ol phase ot Cycle 4 

int^-he"' °' " ^" l="ed 

into .he primary storage element of sta,e E. since this da-a 

cannot be shifted further, the ACCEPT si,nal out of .^e 
primary storage elements of stage E is set LOW. upstrea. 
data can be shifted as normal. "P«ream 

Assume now, as in Cycle 5 of r(n ■, 
connected downstream of' the prpeu!. s Z\ ^ 
Pipeline data. it signals this event by setting the Ac"p- 

hif. data to the right and they ere also able to acceot n.-- 

longlr conta! nTta^U^r^V s"- ^7 °' ^"^ ^ 
=>f cycle 5, the data 02 is thereV ' " f"""' 

r from the secondary -^Age rmVnr to^t l":.:::^;^"- 
elements. The secondary storage elements of s",: ri:!: 
ab e to accept new data and signal this by setti^ Tn ac 
Signal into the primarv stnr-a„«. i --^^^t-ri 

^ elements of Stage E high 

" ^"^ = from s 

secondary to its primary storage elements, both sets of 
--rage elements win contain the same data, but the data 
-ne secondary storage elements can be overwritten with 'n. 

s-"'°" - P-'-ary 

--orage elements. The same holds true for data transfe 



-n- prx.ary storage elenents of one stage .nto the secondar. 



storage elements of a subsequent stage 

Assune now, that the «CEPT signal into the pr..a.., 

storage elements ot stage r goes Low during the oi phase i^ 

(->cie 3. This means that Staa*. r 

i,T:age F is not able to transfer the 
aata 02 out of the pipeline, stag, r, conseguently , set the 

Signal tro. its primary to its seoon.ary .torag 
elements LOW to prevent overwriting of the valid data 02 
The data 02 stored in the secondary storage elements of staoe 
r, however, can be overwritten without loss, and the data oi 
Of T"'°r. ""=f"r.d into the secondary storage elements 
of stage r during the cO phase of Cycle 6. Data D4 and 05 
can be shifted dcwnstr.a. as normal, once valid data 03 is 
stored in stage P along with data 02. a. long as the ACCrPr 
s.,nal .nto the primary storage elements of stage F is LOW 
neither of the secondary storage elements can accept Zi 

till. T-ow^ — ^ 

When the ACCEPT signal into the pipeline from the 
_do -nstream device changes from Low to hioh or vice versa 
.h.s Change does not have to propagate upstream within the 
P peUne further than to the immediately preceding storage 
elements (within the same stage or with.n the preced „! 
ppe.in. stage,. .ather, this change propagates upstream 
-.thin the pipeline one storage element bloc, per cloc: 

AS this example illustrates, the concept of a •■stage'^ m 
extent'' : "^"""ed in Fig. 3 is . to some 

.xt.nt a matter of perception. since data is transferred 

secondary to the primary storage 

t=;,^s) as ir is between stages ffro-i ^ ■ 

^•^ =»^oye5 (^rom the primary storaqe 

--e.-.s Of the upstrea. stage into the secondary storaoe 
-_^-..ents Of the neighboring downstrean stage), one could :.s^ 
a. we. I consider a stage to consist of "pri^arV. stora = J 
e-::'.ents followed by "secondary storage elements" 'instead c: 
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as illustrated in Fia 2 tho 

rig. J. The concept of **pr^marv" ar,^ 

are «e elements ,r=„ transferred cu. of a 

srer.9e ei.m.nts could be "inpuf storage elements for -L 

same stage . ""^^ 

'0 rios" n'"","' r° "'"'"-^-""^ embodiments, as shown .„ 
ACCEPT and VALID signals has been mentioned. it is to 'be 

"e data .t has received arbitrarily before passing it 
bet-e.n .ts internal storage elements or before passino it r 
- following p.pelin. stage. Therefore, re 

-n to ng. e pipeline stage can, therefore, be def n" 

=tor ge elements and that arbitrarily processes data stored 
-n ^cs storage elements. ^=>ea 

' s-aIrr""T' •^="'"=""- ^rom the pipeline 

bu'- rath °^ struct.;: 

ano'th " °^ or par-"f 

another pipeline. As illustrated below anio.,. °rpar.of 

set its ACCEPT signal LOW not only when an cf h 
^ storage elements are filled with 'Jl: da a b^ a :r:r"° 



_ • wuner woras 

: :er:rrthr :r'r tV-".'^- - - - — 

alenents contains vaiTd d trThat""' ' ''' 

-^-K . "^^^ cannot be passed cr 

-.her, the ACCEPT signal itself .,ay also be altered 

5rnal to the stag^ ir 
the passage of data between adjacent 



=::t:::"t:v ?.:rr -i-"-^'" - s7agV,'r:.-:;:: -:: 
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elements. TMe VALID sxgnal may also 5e processed .n . 
analogous manner. Hirocessed m an 

A great advantage of the two-wire interface, r r. 
eacn o. the and .CCZPT s^gna^: t alm?/!^ 

control the pipeline without the control ' 
propagate .ac. up the p.peUne aU^l^^ T rs^t ^n" • 
stage. Referring once again to Pig. i cyc' e 3 f "'^'""^"^ 
although stage F "tells" staoe r . "^^"P^^' 
. ^ ^® ^ ^^^^ cannot accept data 

"en .MS Signal „culd have pr=pa,.t.d ba=. Leh .urth". 

3, the LOW ACCEPT signal is n«.^ ^ ^' ^ycie 

upstream than to s.a,e V ana H 

srora,. elements. ' '"'^ " ^" P-—*' 

AS described below, this embodiment is abl. r„ k 

-.s ne ..u.ty w.thout adding s.gn.ica::i ^ t :: :::: 

area .hat is required to implement the design Typ.cai: 

each latch ,n the pipeline used for data T' 

only a sinr,i= storage requires 

ly single extra transistor (which lays out ve^- 

:':.:::r:i:: r/:::::,/; -t- — ^^-^ 
«c.„ and s!r:s'rha7v;e"ass^o;rd"t:°"e"/r 

latches in each half-stage ^ ^^^^ 

By way of example onlv ^ r i ^ 

^ oniy, it IS assumed that eiqht-bi* d;.-^ 
.s o be trans..„.d ,„.th o. without further ..an p i Ion : 
_=P..o ai oomb.nator.ai io,.c circuits, .„ patailel th.-ouj; 
— Pipeline. Ho-wever, -it ..u pe appreciated that eitfe-' 



='9"-'>it data can be used in practici-,; 
-n n.ention. rurthernore, the two-wire interface 
..or ance With this enbodi.ent is, however, suitable for .s. 
an, data bus width, and the data bus width r.av ev.. 



Change fro,, one stage to the next .f a particular appUcat.on 
so requires. The interface .n accordance w.th this 
embodiment can also be used to process analog signals 

AS discussed previously, while other conventional timing 
arrangements may be used. the interface is preferablv 
controlled by a two-phase, non-overlapping clock. m Figs' 
4-9, these Clock phase signals are referred to as pho and 
PHI. In Fig. 4, a line is shown for each clock phase signal 

input data enters a pipeline stage over a multi-bit data 
bus IS._DATA and IS transferred to a following pipeline stage 
or to subsequent receiving circuitry over an output data bus 

OUT_DATA. The input data is first lo.d.H 

= ^ w ^ ^ "-a IS first loaded m a manner 

described below into . serie. of input Utch.s (one for e.cn 
input cat. .i,nal, colleotively referred to „ LDIN, whicn 
constitute the secondary storage elements described above 

In the illustrated example of this embodiment, it is 
assumed that the Q outputs of all latches folio.- the.- o 
inputs, that is, th.y are ..loaded", when the clocX inpuV is 
HI=H, i.e., „ , "l" level. Additionally, t.he Q 

outputs hold th.ir last values. i„ other words the I 
outputs are ..latched., on the fallin, ed,e of their respective 

t o no^'" r ^" either one o 

o non-overlappi„, clocK signals PHO or PHI ,as shown in 

F19. or the logical AND combination of one of these clocK 

signa s PHO. PHI and on. logic signal. The invention wor.s 

rT: o' "d '"^'^'-^ - 

r Sing edges of the cloc. signals, or any other .nown 
.atchmg arrangement, as long as conventional methods are 
applied to ensure proper timing of the latching operat-ons 

The output data from the input data latch LDIN passes via 
an arbitrary and optional combinatorial logic circuit =■ 
-hich may be provided to convert output data from input Uti.- 
— 1« into intermediate data, whicn is then later loaded a- 
"tput data latch LDOUT, which comprises the primary st=rs== 
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latch LDOUT nay si„il,rly pa.s through ah .rbitr.ry ahO 
optxohal co»,i,ih.torial logic circuit B2 b.for. bei„, passed 
on-ard as OUT.OATA to th« „.« d.vice dounstrean. ThL Ly 
. he ahother pip„.„e stage or any other dev.ce cohhect.d 

the pipeline. 

in rhe practice of the present invention, each stage of 
the p.peUne also includes a validation input latch LVIn a 

10 N and" input latch 

LAIN, and an acceptance output latch LAOUT. Each of these 
four latches xs, preferably, a si.ple, single-stage latch. 
The outputs fro. latches LVIN, LVOUT, LAIN and LAOUT are 
respectively, qvin, QVOUT, QAIN, qaouT. The output signal 
OVIN fron the validation input latch is connected e the 

1= dxrectly as an input to the validation output latch LVOUT or 
v.a^xnter.ed.ate log.c devices or circuits that .ay alter 'the 

^ Sxnilarly, the output validation signal QVOUT of a g.ven 
s.age nay be connected either directly to the input of the 
■ al.aat.on .nput latch QVIn of the following stage, or v.a 
.nter.ed.ate devices or logic circuits, which .ay alter the 
alidation signal. This output OVIN is also connected to a 
ogic gate (to be described below,, whose output is connected 
to he input Of the acceptance input latch L^in. The output 

sLilT T ^-^^ ^OUT IS connected to 

similar logic gate (described below), optionally via 
another logic gate. , 

AS Shown in Fig. .^e output validation signal QVOUT 

.or.s an 0UT_VALID signa that can be received by subsequent 
stages as an IN_ VALID signal, or si.ply to indicate valid 
cata to subsequent circuity connected to the pipeline. The 
readiness of the following circuit or stage to accept data is 
to each s.age as the signal OUT ACCEPT, which is 
th. .nput to the acceptance output latch LAOUT, 



preferably vxa log.c circuitry, wh.ch .s descrit>ed below. 
Similarly, rhe ourpur QAOUT of the acceptance output latch 
LAOLT .s connected as the input to the acceptance input latch 
.A preferably via logic circuitry, whach is described 

OB i OW . 

in practicing the present invention, the output signals 
QVIN, QVOUT fro. the validation latches lvik, :vout a^e 
combined with the acceptance signals qaoltt, OUT acc-pt 
respectively, to for. the inputs to the acceptance'latc'hes 
LAIN, LAOLT, respectively. m the embodiment illustrated an 
r^,. A, these input signals are formed as the logical NAND- 
combination of the respective validation signals qvin, qvout 
wxth the logical inverse of the respective acceptance output 

InTZoT"' r"-'""" .ates, Joi 

-'1 Tvv; T operation, and the inverters 

^..vi. IWV2 form the logical inverses of the respective 
acceptance signals. 

.ro. , HAND , 

.np.. signals are logical "O" s„te. The output fron, 

a NA„.D ,.te is, therefore, a Ic,.ca. ..o.. =„,, J, 
nputs ar. .„ the .o„ca. ..... ^tate. «30 .„ow„ 

a.., IS tnat the output -pf a digital inverter su« as IN-.-i .s 
a logical ..1.. „„en its input signal a .^o.. an. .s a 
-nen its input signal is a "i" 

■JTo;!oZT' \° """^ "^^^ ""^^-e. =VIN and 

..OT (QAOL-T, Where .. MOT., indicates binary inversion. usin, 

e res r " 

=>e resolved as follows: 

• •-N0(QVIN,NOT(QAOUT)) = NOT(QVI.N) OR QAOUT 

-n ctner words, the combination cf rn^ 

-^^ ^ °f inverter I.Wi and 

-ne^ .....D gate KANDl is a logical : either when the sianal 
v^-..^ IS a "O" or the signal QAOUT is a or bot.. . 't... 

gate na.vdi and the inverter invi can 

j.i'fvi can, tnerefcre, fce 



implemented a sin,le OR „te rhat h„ one of its inputs 

ILtr T"'' " °^ "C.ptanc, l,t = n 

LAOtT and its other input tied to t.e inverse ot the output 
Signal ovin o( the validation input latch LVIN 

AS is well Known i„ ^h. art of digital design, „anv 
atches suitable for use as the validation and acceptance 
latches may have two outputs, o and N0T(5,, that .s, o and 
its logical inverse. If such latches are chosen, the one 
hput to the 0. gate can, therefor.. tied directly to the 
21 ' " -^'^«^- tVIN. The gate 

convent^ """" ^' implemented using well Known 

useT h ■'-P-ding oh the latch architecture 

used, however, it may be more efficient to use a latch 

NANDl and the inverter INVI, both of which also can be 
implemented efficiently in a silicon device. Accordingl 
any Known arrangement may be used to generate the Q signa' 
ana/or its logical inverse. 

LVoT Toll '"r"^^^-'"- ^°XN, LDOfT, LVX. and 

L.O.T load their respective data inputs when both clocK 
signals <P„o at the input side and PHi at the output s de^ 
hd the output from the acceptance latch of the same side !: 
Pgical ..i... Thus, the clocK signal ,P„o for the Thput 
latcnes LDIN and .VIM, and the output of the respective 
-ceptance latch (in this case, are used in a Lg a 

AND manner and data is loaded only when they are both log.ca: 

- ^he'tltT'" " implementations 

- ^he latches, the logical AND operation that controls the 
-tadin, (Via the illustrated CK or enabling "input", of 
-a.c.es can be i.-,pl enented easily in a conventional manne- 
^cr.necting the respective enabling input signals , ■ -- 
example, PHO and 5AIN for the latches LVIN and LDIN, -o 
?.tes Of .MOS transistors connected in series in t.ne T- -- 
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Un« Of «e latches. Cons.qu.nt ly , is necss.ry to provide 
en actuel logic AND ,.te, uh.ch „i,ht ceuse problems of 

In.T.. " "'"y "i^h-speed epplicetions. 

.h. ANO ,at. shoun in the figures, therefore, only indicates 
the lo,ic.l function to be performed in generating the enable 

Signals of the various latches. 

.JTrl '"P" ""'y ^HO 

and QAIN are both "1". It uiu l.tch this data when either 

Of these two signals goes to a "O". 

Although only one of the clock phase signals PHO or PHI 
IS used to Clock the data and validation latches at the xnout 
(and output) sade of the pipeline stage, the other cloc. 
Phase s.gnal .s used, directly, to clock the acceptance latch 
at the sa.e side. m other words, the acceptance latch on 
either side (input or output) of a pipeline stage is 
pr feraMy clocked "out of phase- with the data and 
^alidation latches on the sa.e side. Tor example, ph: 
used to Clock the acceptance input latch, although PHO -'s 
used in generating the clock signal CK for the data latc'h 
LDI.s and the validation latch LVl.v. 

AS an example of the operation of a pipeline augmented by 

no v;rirrta"'^'"'°" -"P-"" = — try assu.e that 

valid data is initially presented at the input to the 
circuit, either fron, a preceding pipeline stage, or fro. a 
.rans.ission device. m other words. assu.e that .he 
validation input signal IN.VALID to the illustrated stage has 
not gone to a 'T' since the systen, was nost recently reset 
Assume further that several clock cycles have taken place 
since the syste. was last reset and. accordinglv, che 
--rcuitry has reached a steady-state condition. The 
.a..aa-.ion input signal QVIN from the validation latch -t-; 
-.therefore, loaded as a "O" during the next pos:t.ve 
Perioa^cf the clock PHO. The input to the acceptance i.-.c.t 
-=-h Lr.ls (Via the gate .VA.NDl or another equivalent gate,. 
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. therefore, loaded as a "i" durino 

i„ „e i„p„. ,,,,, .h. 

signals that it is ready to ac=.=, 

not noid any data .ortn savinV^ " " ''^ 

In this .xa»ple, not. that the signal IN ACCEPT i. . 
enaM. th. data and validation latch.s LOXK . l. HT 

the signal IN ACCEPT at i-h,-= ^- • ^^in. Since 

- ^ tMis time IS a "i" rn^^^ i 

eff.ctiv.ly „or. as conventional transparent 'l.tche 
-natever data is on the I._OATA tus si/p "is ^ade! 
data latch LDIN as soon as tn. . ^'^^ 

o. co.rs., .his inv id d^rjuraT'T " ' 

ne« data latch .oou. o. . ""uitLr^p uir:::,:"" 
■acceptror".:.;;" - 

the next POsitTve p.r^od o, t"' " " 

--e other hand, suc'h d^Itl"'^"'^^ ''^'^ ^ 

^-..Ch the .cceptanc. Signal 'T' 
acceptance latch is lo. ,that Is a ' o M / H"^'''"'^^^ 
-tp.t Signal .ro. a validation laL ' ,,::"r7°"' 

::::i"r..;.,r i::r:: -^d^tio- tc": 
-gnai to th. vaiid-^t-ratrir r^"' 

hh.n th. input data to a data ^.rr.^, 
validation Signal „_va.io indica th is oy rll 
The output of rK. _ rising to a "i", 

to a on validation latch then rises 

" :«.ch\; rises :rr.".": "^--^ 

* ^ corresponding in --a--^ 

-gnal goes high (that is. rises to a "vm on 

edoe of , i-ts»es to a 1 ) on the next risLr.z 

~^oe of .he Clock phase signal PHO - 

c^.zlZT "^^^ ^^^^ -p- ^--^ 

^ns valid data, if che data output latch LDOLT 
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to^ accept new .ata, ... acceptance s.,nal OAOUT w.:i .e a 

1 • in th.s case, during the next positive period / . 
clock signal PHi rho ^ , fr'usAtive period of the 

LVOCT .uVA e„VM.d / V3U.,,,,„ ,,,,, 

•nabled, and the data latch LDOUT -in ,„ad -k 

the pracdih, data latcT TJoik" t^e T"' " 

ne. .hp.t data the Pr.ced ."a, ^^ Tthe^^""" 

latch LDOL^T has safely latch.d ,k 7 "° 
latch LDIN. " "ahsferred frc» the 

Ac==rdlh,ly, the same s.quenc. is followed hv 
adjaceht pair of data latches ,uithi„ 
a...c.„t stages, that are a." ^ a^Cp't ZV " 
■-ill be operatih, based oh alterh.t. ! 

Ahy data la-ch th.r alternate phases of the clock. 

It cohtai " ai d datl " 

an =utp.t acceptanc s "nar^Uhr'^r ""^ 
acceptance latch L., that is lo« and t 

^==-.T -.11 not be loaded. „.„c. a, , " " °^ 
-9hal ,th. output fro„ the accpVance 'ia":^ 7"'""" 
sta,e or side (input or output, of a stace ' 
ccrr.spohdin, data latch win not b. loaded ' ' 

e.,b::!„e;t""r\- v'iTu-rrrirpir^'^ - 

NOTRESETO is connected to an i ' 
.^nversion is hereby ind;cat.d by™! 1 

conventional) of the valid.r circle, as is 

-an .hown, this :ea^;rt v:: vTiTdYtA"? - 

ce ^orr-ori ^r. validation latch LVOL'T wi i ; 

.orced to output a "O" whenever the ^ ^ 
=eco-es a "O" ono »h ^"^^^r the reset signal NOTRESETO 

= » a J . One advantage of r^^oi-,.^ 
■eset s^anai ^ , resetting the latch when the 

s.gnal goes low (becones a "O'M j« .h. 
rans-issio-i --mi ^ o ) is that a break :r. 

ne-- . " ?. ' '^'^ They will then oe 

- or reset state whenever a valid transnissic. 
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b.9in= and the r.«t si,„,i goes high. Th. r.ser sian.l 
tner.to„, operates as a digital ••ON/orp.. s! ! 

:r:.unr " " " ^ ^-'^ - ^ «.ivat:::e 

Note that it is hot necessary to reset all of the latch.. 
th« hol. valid data in the pip.iir... ..^.^ted in P \" 

the validation input latch LVIN »s not directly reset by the 
reset signal NOTRES.T0, ^.t rather is reset indirectly 
Assu„e that the reset signal NOTRrsETO drop, to a "o.. Th. 
validation output signal ovotT also drop, to a' •■O" 
regardless of its previous state, whereupon th. input to the 
acceptance output latch L«UT <via th. gate NANDl, goes HrcH 
The acceptance output ..ig„,i g^oUT al.o rises to a !i» ;nis 
QAOUT value of "i" i, .h.r, , = • i . This 

Of the ... r transferred as a "l" to the input 

Of the acceptance input latch LAIN regardless of the state of 
-he validation input signal oviN. The acceptance i„pu 
signa then rises to a at the next rising edge o.: 

-h.cioc. signal PHI. Assuming that the validatiL s gna 
I.-..nLID has been correctly reset to a "O" then ucon -k 

:::rtr":a;d""' " — tn." : 

iron the validation latch LVtn u/i i i k 

xaut.n i.viN will become a *'0" as ir 
have done if i i- k^^ w = '-^ . as it would 

aone If It had been reset directly. 

As this example illustrates 1 1^ ^ ^ 

validation latch .h'n:i;\"e "^^^e^^e^oh" sT" 
(including the final Stage) in ord.r rn ''^ 
latches. in f... „ .^"'^^ '° validation 



ract, in nany applications, it will no- ho 
necessary to reset .very other validation latch "T.Z 

-ore tnVr: " - -r in," 

^.ore than on. conpl.te cycle of both phases PHO, PHI of the 

c oc. then the ..automatic reset" <a backwards propagation 
orecedln validation latches ... 

r "«t signal .s 

--CK as there are pipeline stages, it -.Ul only ta 
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"Z'ZZ 1° V"'' v,Ud«.on output 

tne final pipeline stage. 

rigs. 5a and 5b (ref.rred to coll.ctively as rig 5, 
Ulustrata a ti»in, diagram shouin, the r.lationsMp Jtwaen 
th. non-ov.rlappin, clock signals PHO, PHI, the effect of the 
reset signal, and the holding and transfer of data for the 
different permutations of validation and acceptance signals 
into and between the tvo illustrated sides of a pipeline 
stage configured in the .■nbodim.nt shown in Fig. 4. In the 
example illustrated in the timing diagram of rig. 5, it has 

LDOUT are passed without further manipulation by intervening 
l=9ic blocKs Bl, B.. This is by way of exanple and o! 
ecessaruy by way of limitation. It is to be understood' 
that any combinatorial logic structures may be included 
between the data latches of consecutive pipeline stages or 
between the input and output sides of. a single pipeline 
stag. The actual illustrated values for the input data for 
«x mpi, ,ne HEX data words "aa" or ..o,", are also mere" 
llustrative. .s is mentioned above, the .nput data bus „a"; 
^av. any w.dth ,a„d may even be analog,, as long as the data 
latches or other storage devices are able to aecommoda e nd 
xatch or store each bit or value of ■ 

uc value of the input word. 

Preferred Data fi«-i- Mctura - 

in the sample application shown in Fig. 4, each s^aoe 
processes all .np.. ..,3, s.nce there .s no Lnt^l c.rc u.;!. 

through its combinatorial logic blocK Bl, B2. and so for^' ' 
-o provide greater flexibility, the 



H.=->,K . ^ -w^s,,^ are used ro 

3-Sc.ibute data and control i-.'ornar , or, 

svs.«=>, - J--'- ormation throughout t.ne 

^>Si.en. Each rnW-on 



^ ' — — iiity, the present inventio-^ 

- — udes a data structure in which "tokens' 

data and control in 
system. Each token consists o* ^ - 

senary. ^ ons.sts o. a series of binary bits 

separated into one o- lore ki^^i, 

...ore blocks of token words. 
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rurthermore, ch. bi„ i„„ „ 

«>^cs ,D,, or ex«„s.on bit As! 

•-•ay Of «,„pi. 3„d, not nec.ssarUy by „ ' ui^ t ' 

data U „a„s.„.e. as oj. .^LtU rrr^ 

bit extension bit line a« ^ •> ^itn a i- 

oiz line. An example of a four-word token is 
in order of transmission: ^' 



First word: 
Second word 
Third word: 
Fourth word: 




Note that the extension bit E is us^d 
(preferably) to each data word m add . " 
field can be of variable lena^r' . address 
just af>er "'''^^ '^"'^^^ ^"'^ preferably transmitted 

Dust af .er the extension bit of the first word 

tokens, therefore, consist of one or . ' 

trans.irted in parallel k information is 

serially. ^="1^". whereas data is transmitted 

t^e'^a^t^lradi''""""" -"""^^ 

uiie s-carr, an address fieiH f^y^^ ^ • / °- 

identities the type of dl ! tn.t ' ' °' 

in ™o.t appuoations, a s , e "r: """"" "^''^ ' 

su'-'c,.„r , Single word or portion of a •-■ord is 

! '-Id, but tn.s .s 

..ot necessary .n aooordanc. .itn tn. invention, so lono . 

i-a:e-sV::;:?rabre ir^ore iir — — ^ 

a^--es« f , representation of partial 

a — .ess fields long enough for -ho - • 

dscodo stages to receive a.-.= 
necoae the entire address field 
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Nore that no dedicated v.res or registers are required to 
transmit the address field. It is transm,r^«H • 
bits A« ^= 1 • transmitted using the data 

s o ed do ^V^.'^^"^^ ^ P^Pe^ine stage will not be 

slo.ed do-n if it is not intended to be activated by the 
particular address field i e tho =^ 

' stage will be able to 

pass along the token without delay. 

The remainder of the data in * , 

^. ^" token following the 

TTV\ constrained ... ,3. of «.ens. T.es. 

0-dat. bi„ m.y tak, on any valu.s and th. meaning attached 

" "° -P""nc. ne... xnat is. tL maan. . 
Of tne data can vary, for e,a.pl., depending upon wner. tn! 

: : ^%r^'"r " • p--- 

£ " ^i".'' "PP-ded after tn. address 

I data'" d" ""' °' " " — " 

Of data words in different tokens may vary oreatlv Th. 

«..ress f ,eld and extension .it are used to' convey cont" 

s 9na.s to tne p.p.i.ne stages. Because tne nu.ter of .c'ds 

^a., b. .n. information conveyed in the data field can also 

-ire..ed to the use of the address and extension bits. 

datl St """" "•'•ns are a particularly useful 

data structure when a number of blocks of circuitry "e 
connected together in a relatively simple configuration 

i^Pl.st configuration is a pip.un. of processing steps 
ror ..ample, in the one shown in rig. 1. The us. of tokZ 
^ow.ver. IS not restricted to use on a pipeline structur'e" 
_ Assume once again that each box represents a con-piet- 
.-P^line stage. m the pipeline of rig. 1. data flows f-c- 



^e-.. ciiagrar.. Data enters the nachme a.-.. 

:M ' processing stage A. This may or may not r.cd.fv 

oata and it then passes the data to stage B. -^1 

ae.^e^a'r'-"-.'' '"f' ''""'^'^'^'y =°-Fl.cated an=. . .- 

e.e .iii not be the sane nunber of data :-. = .- = 
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flowing into any stage as flow out. stage B modifies the 
data again and passes it onto Stage. C, and so forth. m a 
scheme such as this, it is impossible for data to flow in the 
opposite direction, so that, for example, stage c cannot pass 
data to Stage a. This restriction is often perfectly 
acceptable. ^ectiy 

on the other hand, it is very desirable for Stage A to be 
able to communicate information to Stage C even though there 
IS no direct connection between the two blocks. stage A and 
C comnunication is only via Stage B. One advantage of the 
tokens is their abiUty to achieve this kind of 
communication. Since any processing stage that does not 
recognize a token simply passes it on unaltered to the next 

According to this example, an extension bit is transmitted 
along with the address and data fields in each token so -ha^ 
a processing stage can pass on a token (which can be of 
arbitrary length, without having to decode its address at 
al-. .according to this example, any token in which the 
extension bit is HIGH fa "i-n i= ^ n ^ 

■ord -h^.K • 1 ) IS followed by a subsequent 

-ore .hich IS part of the same token. This word also has an 
extension bit, which indicates whether ther. is a further 

TrT : ^" ^ "^^^ encounters a token 

-ord whose extension bit is LOW (a "O") it i= knn--. . . 

_ 1 \ ; # At IS Knovn to be 

be the first word of a new token. 

Note that although the simple pipeline of processina 
stages IS particularly useful, it will be appreciated that 
-okensmay be applied to more complicated configurations 
processing elen,ents. An exanple of a more complicated 
prw-essmg element is described below. 



IS noi 



necessary, in accordance with the present 
invention, to use the state of the extension bit to signal 
-he xast word of a given token by giving it an extensior. b:-. 
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set to "0". 



alternative to the preferred scheme is to 
.ove the extension bit so that .t indicates the first word of 
a token xnstead of the last. This can be accomplished with 
appropriate changes in the decoding hardware 

The advantage Of using the extension bit of the present 
nvent.on to signal the last word in a to.en rather tha t.e 
f.rst .s that .t is Often useful to modify the behavior o 
a block Of circuitry depending upon whether or not a token 
has extension bits. An example of this is a token that 
ac .vates a stage that processes video quantization values 
stored xn a quantization table (typically a memory devxce; 
ro^^.., a table containing eight-bit arbitrary b::::y 



in order to load a new quantization table into th. 
- quantizer stage of the pipeline, a .-OUAKT rJl "l. / ! 



sent ro rho "QUANT_TABLE" token is 

exa-pie such a case the token, for 

example, consists of 65 token words. The first word contains 

tne code "QUANT TABLE", i e bu M h . contains 

Thic, ,c ^ ~ build a quantization table 

This IS followed by 64 words, which are the integers of 

quantization table. integers of the 

When encoding video data i i- i » 

..ansmit such a .uantizatTo'n table "TZ"' "^""^^^ ^° 
rhis function, a QUANT • TABLE .2 accomplish 

r^.r. ^ WUANT_TABLE t6ken with no extension words 

can be sent to the quantizer «;rar,« r. 

wuAj^r_TABLE token which includes the a- 
quantization table values Th^ o^. c-Ludes the 6. 

word (Which was LOW) iT.'^ extension bit of the first 

-ken c.nr- Changed so that it is HIGH and t^e 

=^ a LOW extension bit on the sixtv 
---r_n quantization table vaino 

tvcical -a-- -w . ^^^s proceeds i.i rhe 

.j-^wdi >av through the sv«:i-o« . ^ 
strear system and is encoded into the t't 



• 
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continuing with rhe exa^pU, „e quantizer may either load 

Its table depending on whether the first- ^o^^ , 
.CAHT.TABLr to.en has it. extension Mt set o" not 

The Choice o£ whether to use the extension bit to sionai 

ZJr" " • .here ore 

Both aA" ^" "^-^ Pipeline wiii used 

Both alternatives are oossiblo < « . 

invention. - PO=»il=l. in accordance with the 

Another aiternativ, to the preferred extension bit sche.ne 
is to xnciude a ien,th count at the start or the to.ln such 
an arrah,e..nt „a., .or exa.pie, be e»ici.nt i. a toKe 
-er> long. For example, assume that a typical token i„ 

:::::s::r °; - "-^^ - «: 

■ o d t:;\\;:„"^"' '-^^ to each token 

ro), the token would require lOOO additional hi-= . 

::":::i:e: r - : 

Altno K "° ^'"'^ - P-"y f-m. 

Although there are. therefore uses , 

-per.ence has shown that there are m. ' 

tokens. Here the preferred ' 

advantageous. if a token """'^^ bit scheme is 

"5. It a token is only one word lona th.„ 
one bit is required to signal this. However ' 
scheme would tVDicanv ^« However, a counting 

Oisadvanta r :^VT:.V" ""^ ^^^^ 
following: i) i. ^s i """^ ^^^^ -elude the 

ni.f-o -efficient for short tokens- 2) - 

places a maximum length resrri^^,- ^ *" 

i^estriction on a token fwith r.r,i,. - 

bits, no mere than l,., words can be counted;,- '. The nj 

ch s p?" - 

■'^n IS presumably at the srarr r.^ *u 
C-3CV: rvf ^- s^art of the token); a) everv 

: d,d : :r::::..r" - - 

« i hardware to counr i 

s-ou'^ count words; and 5) if the c 

s..ou.d get corrupted (due to a dara r.. 

-o- w ti^ansmission error) ■ = 

^-ar Whether recovery can be achieved. 



The adv,„t„.s Of the extension bit scheme in 
With the present invention include- l, p"!?' 
not include a block of =i.. . PiP«lin. stage, need 

-n=. uh„co,ni.ed t"enrrn"r/:::jr°^ - 
considerin, only the ..tension bit the" T'"'' 

extension bit is identical tor all tols 3 
Unit Placed on the length of a toKen he h' "° 

efficient (ih ter^s of overhead to represent the ! ! 

::."iir'achrver":fr'- «"Vr.;o:::r :: 
one .ando. to.en ^re^eT" 

corrupted fror. "i- to "O") or . . ^ extension bit 

^xt corrupted ..O" to ^ 1") . (extension 

localized to the tokens * " ^^e problem is 

tne tokens concerned. After thai- i-^u 
operation is resumed automaticall,. ' """" 

.'n addition, the length of the address field 

varied. This is h i rrK i ^ «u^ess txeld r.ay be 

coooon tokens to Ie s '""'*°"' " ^"^^ -st 

words. This xr-urn 

p^peuh. s.:t.::;re iVe:iur ur::rr 

oen be continuously running at full VandWdT""" 

In accordance to the Dromon,- ■ 
v..-iable length address TiVr, ™resses re"ch" '''^ 
-.lac a short address fon.,. ^ ^ cresses are chosen so 

confused ..th a Ion er addrer ^.71 ^ 
encoding the address field t' J P^^^^^^-<=^ technique for 

for activatina an ' " "-o<ie^' 

activating an intended pipeline star,«> • 

technigue first described by Huff" k -11-knovn 
"Huff..an code" .ever-H ^«"=e the common nane 

c:-- ordinary skill . " ^PP-^iated by o.e 

- surcessfu\:; zz. 

ackcround: ' '^i^o'-^ng example provides a general 
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Huffman codes consist of words made up of a string of 

:::::„" -"^^ °' ^-^"^ 

tL . usually binary .i,.ts, 

The code words ..v. var.etle. len,„ a„d «e spedll 

property of Huffman code words is that a code word is chose 
so that none of the lon,er code words start with the symbols 
that forn a shorter code word. m accordance with the 
ihventicn to.en address fields are preferably (although not 
hecessarily, chosen usin, Known Huffman encodin, techniques 
Also in the present invention, th. address f<e.d 
r t"" r Significant bit ,„SB, of th". 

f.rst word toK.n. (Note that th. designation of the „SB is 
arb trary and that this sch.„. can b. modified to acco™.cdate 
various designation, of the „SB., The address field 
continues through contiguous bits of lesser significance 
han o"ne\T" ' '^^"ss re,u.res nore 

!rd -T T" ■ Significant bit in anv ,....n 

-crd he address field win continue in the n,ost si,nlf!can- 
o.t Of ,ne next word. The „ini„u„ len,th of the ad^r ss' 
field IS one bit. ouuir.ss 

Any Of several Known hardware structures can be used -o 
generate the toK.ns used in the pr.s.nt invention. One suc'h 
s-ucture is a .icroprogra^.d state .achine. However .no „ 
r..croprocessors or other devices .ay also be used ' 

The principle advanta,. of the to.en scheme in accordance 
-ith the present invention, is its adaptabilitv -l 
unanticipated needs. ror example, if a new to.en .'s 
introduced, it is nost li.eiy that this win affect on:.'. 
s=all number of pipeline stages. The most UK.ly case's 
--at only f.-o stages or ■ blocks of circuitry are aff.c— 

t.-.e one block that generates the tokens in the •— - 
.--ac. and t.-,e block or stage t.hat has been newly design. d -- 
■■■"^f.ed to deal with this new token. Note that it is --- 
necessary to r.odify any other pipeline stages. Rat.-,er. t- = s.' 
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will be atl. „ noditication 

to th... a.si,„, ..cus. th., „iii „„ ..co,„i„ it .„n r 

accordxn,!!,, pass that toKen on unmodifi.d ' 

This ability Of th. present invention to , 
substantially e.istin, designed device. una„ cted has IZ' 
•vantages. Xt .ay be possible to leave so.e se^ioond: 
Chips in a Chip set completely unaffected by a desLn 
i^provenent in so., other chips in the set This 
advantageous both from the perspective . This is 

that Of a Chip manufacturer 7ven if Jdi/i 
all Chips are affected by the d.si 'n ch " 

so that the number of chins i n =. ^ F^ugiress 
=^ ■ •. 1 ^ cnips in a system drops) there um 

srxll be the considerable advantage of bett.. . • 
than can be achieved, since the sa J d ^ — to-market 

Tn *Ance tne same design can be reused 

• ^ven in this case, it 's stiU not 

-di.V an ..istin, d.si,n. To.en' decoders th^T^r " 
stages -.ill attempt to decode th. ,i . Pipeline 

and -.ill conclude that it does °' ' 

will th-„ "cognize the token It 

-111 then pass on the token unmodified usino th. 
bit to perform this operation correctly it Jill 

::h-\res™ -1 — - - 
n-:".- - "-"^ » trntat^Vdo": 

circ^i:::'.""" ^^'P-"- "a,e or a connected block of 
w-^iTcuitry modify a token -r>. < 

= , '^oxen. This usually, but no- 

l/aJdt" °' ^-1^ 

-ores in the number of data 

da a . — by remove, certain 

ores or by adding new ones. m sono ^ 

— ved entirely fro, the token stream ' "'"^ 
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In most .ppiiction,, pipelin. st.g.s win typic.lly <,„!„ 

ec=,„.« oth.r «..„s ,„d passes the» on unal«r«. ^7l 
lar,. nu„p.r of cases, only on. to.en is d.cod.d, the data 
Token word itself. 

in many applications, tha operation ot a particular stage 

"St te-T/l'" °' =P"«ions. rl 

state Of the st.,., thus, depends on its previous states, 
in other words, the stage depends upon stored state 
information, which is another way of sayin, it must reta.n 
some information about its own history one or more =loc\ 
cycles ago. The present invention is w.U-suited for us. in 
Pip.lines that include such "stat. machine" stages, as well 

path are simple pipeline latches. 

-.trth."'"'''''' °' in accordance 

-ith th. pr.sent invention, for such "state machine" circuits 
IS a significant advantage of the invention. This "is 
especially true where » ri»<.« • 

Stat. K- ^^^"^ ^^^""^ controlled by a 

state nachxne. m this case, the two-wire interf ce 
echni.ue a.ove-descr.bed „ay be used to ensure that the 
curren. state" of the machine stays .n step w.th the data 
-hich It IS controlling in the pipeline. 

r.g. 6 Shows a simplified block diagram of one example o^ 
c.rcu.try included in a pipeline stage for decoding a tok 
add ,,^3 ^^^^^^^^^^^ ^ ^^^^^^^^ stage \h.t as" 

the Characteristics of a "state machine-. Each word of a 
token includes an .-extension bit" which is MICH if there Le 

- - the last Jord 

••a''ia da a d '^"^^ °^ ^ 

•-S add " °' ^ "^^ ^^erefor- 

address r.ust be decoded. The decision » re-.r., 
. "ecision as to whether- a'- 

not CO decode the token address in "nethe. o. 

sor,« . aaress in any given word, thus 

depends upon knowing the value of the nrov,,-^ 

tne previous extension bit. 
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For the sake of simplicity only, the two-wire interface 
(With the acceptance and validation signals and latches) is 
not illustrated and all details dealing with resetting the 
circuit are omitted. As before, an 8-bit data word is 
assumed by way of example only and not by way of limitation 

This exemplifying pipeline stage delays the data bits and 
the extension bit by one pipeline stage, it also decodes the 
DATA Token. At the point when the first word of the DATA 
Token is presented at the output of the circuit, the signal 
••DATA_ADOR" is created and set HIGH. The data bits are 
delayed by the latches LDIN and LDOUT. each of which is 
repeated eight times for the eight data bits used in this 
example (corresponding to an 8-input, 8-output latch) 
Similarly, the extension bit is delayed by extension bit 
latches LEIN and LEOUT. 

In this example, the latch LEPREV is provided to store -he 
nost recent state of the extension bit. The value of 
extension bit is loaded into LEIN and is then loaded in- = 
LEOLT on the next rising edge of the non-overlapping clocX 
Phase signal PHI. Latch LEOUT, thus, contains the value of 
the current extension bit. but only during the second half of 
the non-overlapping, two-phase clock. Latch LEPREV. however 
loads this extension bit value on the next rising edge of the 
cock signal PHO. that is, the same signal that enables the 
extension bit input latch LEIN. The output QEPREV of the 
latch LEPREV, thus, will hold the value of the extension bit 
during the previous PHO clock phase. 

The five bits of the data word output from the inve.r . 
3 output, plus the non-inverted MDr2]. of the latch LDIN are 
.o.bined with the previous extension bit value QEPREV m a 
-ries Of logic gates NANDl . NAND2 . and NORl , whose 
^Perations are well known in the art of digi.^l design. The 
^designation ..n_.MD:..: indicates the logical inverse cf bit - 
the .-nid-data word Md^-.o;. ,sing known techniques c-" 
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Boolean algebra, it can be shown that the output signal SA 
from this logic bloOc (the output from NORl) is HIGH (a "i") 
only When the previous extension bit is a ..O" (QPRev^-o" ) and 
.he data word at the output of the non-inverting Q latch (the 
orxg.nal xnput word, LDIN has the structure "OOOOOlxx" that 
xs, the five high-order bits MDr7j-MDC3] bits are all "o" and 
the b.t MD(2J is a "r. and the bits in the Zero-one positions 
nave any arbitrary value. 

Ther. are, thus, four possible data words (there are four 
permutations of that will cause SA and, therefore the 

output ot the address signal latch LADDR to whose input SA is 
connected, to become HIGH. m other words, this st.,e 
provides an activation signal ,DATA_ADDR = n", only when one 
Of the four possible proper tokens is presented and only when 
the previous extension bit was a zero, that is, the previous 
data word was the last word in the previous series of to..„ 
-ords, Which r,eans that the current toJ<en word is the fi-st 
one in the current token. 

-hen the signal OPREV fro» latch LEPRrv is LOW, the value 
at output Of the latch LOIN is therefore the first word 

ZtI T: """^'^ """^ ='-°<^e the 

DATA token (OOOOOixx,. This address decoding signal SA is 
however, delayed in latch LAODR so that the signa! OATA addr 
has the sane ti.ing as the output data OUT DATA and OUT ^XTV 

ri9. 7 IS another simple example of a state-depindent 
Pipe ine stage in accordance with the present invent =n 

'•a u. of'th'"" " indicate t.,e 

.alue Of the previous output extension bit OUT EXTN. One of 
.he .wo enabling signals ,at the CK inputs, t'o the present 

last extension bit latches. LEOUT and l-pre- 
respectively, is derived fron the gate ANOl such that t-.se 
-atches o.nly load a new value tor them when the data is va"-- 
IS being accepted ,the Q output.s are HIOH fro. I 
—-put validation and acceptance' latches LVOCT and |^0l~" 
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-ne t o . embodiment shown i„ f,„ - 

-n. t.o-v.re vaUd/accept lo,ic includas the ORi . h 

:::::ta::r3.::r:: ^r:r. - "^e^^ort.::: 

-ay in which the ,ate= ...o,/. and INVx?/ in V;;""" °"' 
replaced the iatch.s ha.e inve.tin, "/tprts " ' ^ 

Although this is an extreneiy si^pi. ^ „ 

dependent'' pipeline staae i . P =r a state- 

state of onl, a Single "t " " °" 

latches holdih, state in'oLt. 
data actually trans' - 

=".r words, only When "'^•""^ ' 

accepted .y -th.'r.t sta, roldi" 

" ensute that such latcLs ar;™:; ""r" 

p.e:::tTnrtrorrhr' ;/o "r- " — 

-own encodin, techn ^e/ " ot .an^"" 

pipeline. transter through a 

First, the tokens, as described above allow f„ 
^•ngth address fields , - ^ "ariable 

example, to provide efTfc """"" "^^"^ 

toKens. eftxcient representation of coa.on 

au::rrhe zTri::-:'"' " ^-^^^ - ^ 

"Ken) to .e proce. / " — 

manipulative trLst"? ""'"'^ (including simple non- 
by the toKen decoder Ire'::: "« "cogni.ed 

-Mrd. rules and ha h '' " ' '"^'''"^ 

unrecognized tokens (that"' T'"""" ''""'^"^ ^ 

allow communication let- °" """C^i -ad ; 

that is not its n.. ^"^ " "c-n^rean st==e 

its nearest neighbor in the pipeline 



This a.sr 
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increases the expandability and etticxent adaptability of -h 
Pipeline since it allows ..tu.e =.an„. I ,;,'';:jn s^^ 

-itnout requiring lar,e seal, redesigning of exist na 
pipeline stages. The tokens of the Dr.=-„ •""ting 

. particularly useful -.hen used in c::,::"!:: r::":::."' 

-ire interface that is described above ,nd below 

AS an exanple of the above, rigs. 3a and 3b. taken 
together „nd referred to collectively below as ri. T 
depict a block diagram of a pipeline stage whose function s 

s follows. If the stage is processing a predetermined token 
■ known in this example as the OATA token), then it wUl 

up icate every word m this token with the exception of h^ 

t:k n 7f Tt """"" "'^^ OATA 

othe:-kind o/toke: Tt^wiulit' " 
•feet IS that . K '""^ 

ef.ect IS that, at the output, only OATA Tokens appear and 
-ch ..ord Within these tokens is repeated twice. 

Many of the component, of this illustrated system .-nay oe 

sho'wn":: :irrr:::r v 

^-vantage. lore .Ipirat'ed p™::!::^':" 11 

:::ero-rrV^"t::fa""'^"^^^ eiisticitt'ViiteT: 

adaptation. " ""^ " no 

The data duplication stage shown in Fig 3 is m=.-, 
example of the endless number of d: fe e types' "o^ 
operations that a pipeline stage could perform in any given 

a in^strates, zz:: 

a stage that can form a "bottleneck", so that the pipeline 
ac-ording to this embodiment will ..pack together" 

rel^.?.?;T"" ^ » 

rela wely long ti.,e to perform its operations, or that 

crea.es .,ore data m the pipeline than it receive, r„!s 

example also illustrates that the two-wire accept/va d 
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interface according to this ,.bodi,.nt can b. adapt-d var- 
easily to different application,. 

L.r'irr^^^rtrrt"^" - ' -^-^ 

nd LEOUT that, as in th. example sho«n in Fig. 6 i»„h 
. a state of th. axt.nsion bit at th. input and at the 'o^ 
Of the stage, respectively. As rig. 3a shows, the - 
e«.„sioh latch xriN is clocked synchronously with the inou 
data latch LDIN and the validation signal IN_ VALID 

For ease of r.f.r.nce, the various latches included in the 
duplication stage are paired b.low with th.ir respect.'! 
output signals: 



LDIN f «ag.. th. output from th. data latch 

LDIN forms inrermediat. data referred to as MID DATA ThL 
intermediat. data word is loaded into th. data Cut late. 

\:c" p;:"%" ""P"n=e signa/,lab. lad 

MiD_ACCcPT" in Fig. 8a) is set HIGH. 

The portion of the circuitry shown in Fig. 8 below t.e 

acceptance latches lain laout sh«u,= • ■ 

^PUT, shows the circuits that are 

"ded to th. basic pip.u„e structure to gen.rat. th. various 
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internal control signals used to duplicate data. These 
include a "DATA.TOKEN" signal that indicates that the 
circuitry is currently processing a valid DATA ToXen, and a 
NOT.DL-PLICATE signal which is used to control duplication of 
data. When the circuitry is processing a DATA Token, the 
NOT_DUPLICATE signal toggles between a HIGH and a LOW sta^e 
and this causes each word in the token to be duplicated once 
(but no more times). When the circuitry is not processing a 
valid DATA Token then the NOT_DUPLICATE signal is held in a 
HIGH state. Accordingly, this means that the token words 
that are being processed are not duplicated. 

As Fig. aa illustrates, the upper six bits of 3-bit 
intermediate data word and the output signal QIi from the 
latch LIl form inputs to a group of logic gates NORi , noR2 , 
NAND18. The output signal from the gate NAND18 is labeled 



SI. Lsin, ..u-knoun Boolean .Igebra, it can be shown 
the si,n,l SI is a ..o" cm, „heh the output Bi,„aX Qli a 
I and the MI0_DATA word has the following structure- 
■■OOOOOl^x", that is. the upper five bits are all "O", thl b t 
«I0 CATM., is a ana the bits in the „ro OATa" a d 

MID.OATAto, positions h , arbitrary value." signal Si 

therefore, acts as a "token identification signal" which is 

struct r ' predetermined 

structure and the output fron, the latch LIl is a "l" the 

f!rth" °1 ''^ - "Pi""'^ 

further below. 

Latch LOl performs the function of latching the last value 
Of the intermediate extension bit (labeled "MID EXTN" and as 
signal S4,, and it loads this value on the next" rising edge 
Of the Clock Phase PHO into the latch LIl, whose output s 
-^.^e bit Qii and is one of the inputs to the token decoding 
logic group that forms signal SI. signal Si, as is explained 
above, may only drop to a "O" if the signal QIi is a "i" (and 
^he MID.DATA Signal has the predetermined structure) . Signa' 
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" ".y, th.refor,, only drop to . "O" wh.never th. , 

ended. Therefore, t.e MXO.OATA word is t^ .7r3t d" ^ I 
in a new token. 

The latches L02 and LI2 together with the mand 
NAND20 and NAND22 fn^« ° gates 

- t.e nor./::tro;":::%r;nar;:V'::^;„r-^--- 
-Ura-trt 1 1::- rerr^- :: 

operate in the same manner as inverters th.^ ^ w 

QI2 fron the output of latch rZ ^ ^ "'^"^^ 

then thi. , " IS inverted in NAND20 and 

^nv'ers.ons .n this llth^^h' 

tnis path, the signal S2 will havo i-h« 

value as Q12. ^ '^^^ ^^"^ 

It can also be seen i-hat- *.u 

ou.put o. .to. .0. ::r:r:„:'':„;::":: 

are HIGH, the signal DATA TOKEN will retain ir= . 
(vhether "O" or "i-i xs • ~ retain its state 

signals PHO and phi . ' 
respectively) The val r''"' 

one or both If the si ^^^^-^^^^^ O"!/ change when 

ooTin Of the signals Qii and si are "O" 

p^.::o::"ei'::r:r:'t- ----r - 

h s s"";/"""'" to.e„, 



In 

I1 1 »f 



indicates a n "; """"" ^" «-P^' 

structure , nILT ^" any other 

a DATA To.en, \T "° ""^ ""^ 

wMiA Token), SI will be "i". 
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If QIl is "0" and si is "i" th i « i ^- 

result, this ..0.. V.1U. „ixi l.ad.d into j,' 1; ' 
start of the next phi .. iatch L02 at the 

.iiX .e=o.e ..o" L-ZlTlt 

processih, a 0„A to.en ' " ^= 

"0" and so is "0" i-h«>. w • 
then the si,„ai ' 

:::::t "tr r =«p" - rr;;. 

result, this "i" value wi i i k-. i ^ . . as a 

scert ot the next PHI »h " 

= -.ill peace "l.. inJlU """-"X^" "^nal 

a 0„A t=.en. ' circuitry is processing 

The NOT_0UPLICATE signal ri-ho ^ 
= .»ilarly loade* into the latch LI, ^ = 

Of the clocK PHO Th. °" """^"9 edge 

' co.p.n.d «i::-thr:u:r:iri".r in""" ^'-^ 

form the signal sj " 

" sho„ tha't the si,;ar;/°::'a'::i";„,"-:" - 

Signals 01. and 013 have the vaXue ..i! « 
becomes a "O" that • If the signal QI2 

tne Signal S3 .ecoL . To^" " ^ 

valid DATA TOKEN (0X2 = 0 oT/h'T ' 

0) or the data word is not a 



J , . yj, uc tne data worrf 

duplicate (QI3 = o) i-ho« 

^vxj 0). then the signal S3 goes hioh 

is ...d .ac... .o"tr ;atr";r"Trprr '"--^ 

the gat. „AND 24 (since its oth.. inverted c>- 

tn. output Signal ,03 .ill to," : . °" 
rho^« toggle between "O" and " i •• 

there is no valid DATA Token, however ' rh. ^nd i . . . 

a "0" anH ■ , nowever, the signal QI2 will ze 

■ and the sxgnal S3 and the output 003, win t,e fcr.-e. 
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ch 
hich 

" ^ M 



HIGH until the OATE.IOKEN ,i,„.J , 

The output a03 ,tne NOT.DC-PLICATE siJ.M T , ' 
and i3 =c„.in.d ..-itn tn. output OA. frcX aco.pt" 

,„ a s«i„ o. lo,i= ,„es ,MA«ox. an/rv^r 
■ to,.tner tor. an AND =,,«, that have as their out 

oni, hen the .i,nais ,Ai an. 00. .oth ha^V^rru: ... 
As Fi,. 8a Shows, the output from th. AND ,ate ,th. 
NANDi6 tonoved by th, ,at. INV16, also torn,s tH 

=.,nai, X..ACC.P., .hioh is us.d'as dtscired'r:.":;'::: 

tJo-wire interface structure. 

.n.lT IN.ACCEPT is also used as an 

-abUn, Signal to the latches LDIN, WIN. and LVIN As 
result, if the NOT.DUPLICATE si,nal is low th. 
Signal 1..ACC.P. Will also be I'ow, an. all' three oV't":" 
atch.s Will be disabled and will hold the values st red a't 
wheir outDuts «j^ues scored at 

■ OT_DI.PHCATE Signal becomes HIGH. This is in 

«e requirements described above for forcino tK 

th. acceptance latch high. ^"""^ -^P- -ron 

As long as there is a valid DATA tovc-k. „ 
signal Q02 is a ..l.., ,k 0ATA_T0KEN (the DATA.TOKE.-.' 

HIGH and LOW statis ^«^-— 
enabled ant wi I be ab!" ""^ ^= 

ever, other complete c "le of'rtr T'.' " 

additional conditionMat "he Ton:":, st": V ' 
to accept data a« ^ -^-lowing stage be prepared 

nust nf mdxcated by a "HIGH" OUT ACCEPT signal 

muse, or course w-. ■ . . — ^J-ynai, 

Will th.r.r satisfied. The output latch LOOUT 

CATATOKE.V ,00. HIGH and th , ' ^^^^^ 

.HTGhT validation signal ovofT is 

to mi; — correspond^., 

.MID.o„T„, IS combined with the signal in a series o! 
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2 0 



25 



logic gates (INVlo and NANDloi ro ^ 

presentation of a DATA ToKen k " " ""^'"^ 

repeated by loadina "'""^^^^ ^^^^ 

Our.ng t.e fi/s, Jt. = ^ — • 

.ac.on o. ...o7:/;::rg'nar ;;"s roaird"^ ' 

- .or. OUTEXT. at t.e sale t.L s MXO OA^A ^ "l^V"" 
LDOUT to form OUT.DATA C 7 : o ] . "^^-^ATA xs loaded .nto 

LEOUT, the associated OUTEXTN will be forced hi„h k 

on the s^f^nnH rorced high, wher&as, 

tne second occasion, OUTEXTN will h« 
signal QEI-^i Nn^ ,- the same as the 

first time MID DATA is i«aH«^ ■ During the 

••1" and H " OUTEXTN will be 

--ecn„iq..s. it can b, «ow„ that " " " 

^•..n t.. .aXi.ation si,„a: ^v" "/x^r '""^ 

0" i= low (indicating that tL h ^ 

Signal S5 is loaded into th! , " ' ="'PU==t., . Th. 

sa.a ti.. that M 0 o/xrA -tch.vouTat 
int«r,adiate extension J"i7 . "'^ 
S.,nal SS is anr^ccL^ed'^r 

"-n Signal, in th. lo,i= ^tTJ ^ VnT V^^^tj 
output validation signal o„T v*.io. As Jas '7 
earlier, OUT VALID is httu , mentioned 
wi._vMi,j.u IS HIGH only when tho»-a ; _ 

an^ the validation signal ,vo«T is high ' 



was mentioned 

- — oniy When there is 

he validation signal QVOUT is high 

co.b:neri.t7rh? s-"^^:"""' "^^-^^^^^ — - 

(-.D.e and x.V2e that" V ^ "^'^^ °^ — 

- ^orm a signa " -^^-^nown AKD function 

-gnals to the w H ""^ " °' 

the latches LOl, l02 and L02 . The signal S6 rxses 
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to o wh.n the «ID_ACCZPT signal is HICH and wften ei-n,. 

the validation si,nai «vih hign, or u..n the toK.n U I 
■Z n (QI3 is a ..0..,. I, the Signal «ro ACCEPT is „ « 
^h. latches L01-L03 win, therefor., be enabled uh 
ignal PH. 13 h.gh whenever val.d 

dupltate " " - a 

From the discussion above, one can see that the stag- 
Shown .„ Pi,.. 3, ^^^^^^^ transfer dat: 

between stages under the control ot the validation a„d 
acceptance signals, as in previous ..bodiments, „ th the 
exception that the output sional fr„» ,k 

at the input sfde ""'cL: e/ritrre^rog^nr 

up ication Signal so that a data word win be output" c! 
before a new word win be accepted , 

cours! T""' '"'^ " ^"V" of 

case a s .-^uivalent logic circuitry ,in -l. s 

case, a single AND oate^ c;«;i , . v ^i. w.i.s 

I-VIN, for La^ol. K latches LEIN and 

cor example, .have inverting outouts rho i 
I'-^Vio and INV12 win n«r k °"^P"ts, the inverters 

bits wHI still r . ' ""^^ extension 

oits will stin be duplicated. 

illustrrr°:" function that the 

illustrated stag. p,r,or»s will not be performed unless the 
first data word of th. token has a in th. - 

o. the word and ..o-... i„ the five hi;::orJr" t:"" "f" 

=-l.c.ing other logic gates and interconnections other than 
"^he NOPl. NORJ, NND18 gates shown., 

forcedT^r"' " ' ^"^^ 0"T.VALID signal will be 

.creed low during the entire token unless th. first data wcr.. 
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has the struct\ire described above. This has the eff ct that 
all tokens except the one that causes the duplicati n pr cess 
will be deleted from the token stream, since a device 
connected to the output terminals (OUTDATA, OUTEXTN and 
OUTVALID) will not recognize these token words as valid data. 

As before, both validation latches LVIN, LVOUT in the 
stage can be reset by a single conductor NOT_RESETO, and a 
single resetting input R on the downstream latch LVOUT, with 
the reset signal being propagated backwards to cause the 
upstream validation latch to be forced low on the next clock 
cycle. 

It should be noted that in the example shown in Fig. 8, 
the duplication of data contained in DATA tokens serves only 
as an example of the way in which circuitry may manipulate 
the ACCEPT and VALID signals so that more data is leaving the 
pipeline stage than that which is arriving at the input. 
Similarly, the example in Fig. 8 removes all non-DATA tokens 
purely as an illustration of the way in which circuitry may 
manipulate the VALID signal to remove data from the stream. 
In most typical applications, however, a pipeline stage will 
simply pass on any tokens that it does not recognize, 
unmodified, so that other stages further down the pipeline 
may act upon them if required. 

Figs. 9a and 9b taken together illustrate an example of a 
timing diagram for the data duplication circuit shown in 
Figs. 8a and 8b. As before, the timing diagram shows the 
relationship between the two-phase clock signals, the various 
internal and external control signals, and the manner in 
which data is clocked between the input and output sides of 
the stage and is duplicated. 

Referring now more particularly to Figure 10, there is 
shown a reconf igurable process stage in accordance with one 



aspect f the present invention. 

Input latches 34 receive an input over a first bus 
31. A first output fron the input latches 34 is passed over 
line 32 to a token decode subsystem 33. A second output from 
the input latches 34 is passed as a first input over line 3 5 
to a processing unit 36. A first output from the token decode 
subsystem 33 is passed over line 37 as a second input to the 
processing unit 36* A second output from the token decode 33 
is passed over line 4 0 to an action identification unit 39. 
The action identification unit 39 also receives input from 
registers 4 3 and 44 over line 46* The registers 4 3 and 4 4 
hold the state of the machine as a whole. This state is 
determined by the history of tokens previously received* The 
output from the action identification unit 3 9 is passed over 
line 38 as a third input to the processing unit 36* The 
output from the processing unit 3 6 is passed to output 
latches 41* The output from the output latches 41 is passed 
over a second bus 42* 

Referring now to Figure 11, a Start Code Detector 
(SOD) 51 receives input over a two-wire interface 52. This 
input can be either in the form of DATA tokens or as data 
bits in a data stream. A first output from the Start Code 
Detector 51 is passed over line 53 to a first logical first- 
in first-out buffer (FIFO) 54. The output from the first 
FIFO 54 is logically passed over line 55 as a first input to 
a Huffman decoder 56* A second output fron the Start Code 
Detector 51 is passed over line 57 as a first input to a DRAM 
interface 58. The DRAM interface 58 also receives input from 
a buffer manager 59 over line 60. Signals are transmitted to 
and received from external DRAM (not shown) by the DRAM 
interface 58 over line 61. A first output from the DRAM 
interface 58 is passed over line 62 as a first physical input 
to the Huffman decoder 56. 



Th utput fr m t^m Huffman dec der 56 is passed 
over line 63 as an input t an Index to Data Unit (ITOD) 64. 
The Huffman decoder 56 and the ITOD 64 v rk together as a 
single logical unit* The output from the ITOD 64 is passed 
over line 65 to an arithmetic logic unit (ALU) 66, A first 
output from the ALU 66 is passed over line 67 to a read-only 
memory (ROM) state machine 68. The output from the ROM state 
machine 68 is passed over line 69 as a second physical input 
to the Huffman decoder 56. A second output from the ALU 66 
is passed over line 70 to a Token Formatter (T/F) 71. 

A first output 72 from the T/F 71 of the present 
invention is passed over line 72 to a second FIFO 73. The 
output from the second FIFO 73 is passed over line 74 as a 
first input to an inverse modeller 75. A second output from 
the T/F 71 is passed over line 76 as a third input to the 
DRAM interface 58. A third output from the DRAM interface 58 
is passed over line 77 as a second input to the inverse 
modeller 75. The output from the inverse modeller 7 5 is 
passed over line 78 as an input to an inverse quantizer 79 
The output from the inverse quantizer 79 is passed over line 
80 as an input to an inverse zig-zag (IZZ) 81. The output 
from the IZZ 81 is passed over line 82 as an input to an 
inverse discrete cosine transform (IDCT) 83. The output from 
the IDCT 83 is passed over line 84 to a temporal decoder (not 
shown) . 

Referring now more particularly to Figure 12, a 
temporal decoder in accordance with the present invention is 
shown. A fork 91 receives as input over line 92 the output 
from the IDCT 8 3 (shown in Fig. 11) . As a first output from 
the fork 91, the control tokens, e.g., motion vectors and the 
like, are passed over line 93 to an address generator 94. 
Data tokens are also passed to the address generator 94 for 
counting purposes. As a second output from the fork 91, the 



data 16 passed over line 95 *t a FIFO 96. The output from the 
FIFO 96 is th n pass d ver line 97 as a first input to a 
sumner 98. The output from the address generator 94 is 
passed over line 99 as a first input to a DRAM interface 100. 
Signals are transmitted to and received from external DRAM 
(not shown) by the DRAM interface 100 over line 101. A first 
output from the DRAM interface 100 is passed over line 102 to 
a prediction filter 103. The output from the prediction 
filter 103 is passed over line 104 as a second input to the 
summer 98. A first output from the summer 98 is passed over 
line 105 to output selector 106. A second output from the 
summer 98 is passed over line 107 as a second input to the 
DRAM interface 100. A second output from the DRAM interface 
100 is passed over line 108 as a second input to the output 
selector 106. The output from the output selector 106 is 
passed over line 109 to a video Formatter (not shown in 
Figure 12) . 

Referring now to Figure 13, a fork ill receives 
input from the output selector 106 (shown in Figure 12} over 
line 112. As a first output from the fork 111, the control 
tokens are passed over line 113 to an address generator 114. 
The output from the address generator 114 is passed over line 
115 as a first input to a DRAM interface 116. As a second 
output from the fork 111 the data is passed over line 117 as 
a second input to the DRAM interface 116. Signals are 
transmitted to and received from external DRAM (not shown) by 
the DRAM interface 116 over line 118. The output from the 
DRAM interface 116 is passed over line 119 to a display pipe 
120. 

It will be apparent from the above descriptions 
that each line may comprise a plurality of lines, as 
necessary . 
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Referring now to Figure 14a, in the MPEG standard 
a picture 131 is enc ded as one or more slices 13 2. Each 
slice 132 is, in turn, comprised of a plurality of blocks 
13 3, and is encoded row-by-row, left-to-right in each row. 
5 As is shown, each slice 132 may span exactly one full line of 
blocks 133, less than one line B or D of blocks 133 or 
multiple lines C of blocks 133. 

Referring to Figure 14b, in the JPEG and H.261 
standards, the Common Intermediate Format (GIF) is used, 

10 wherein a picture 141 is encoded as 6 rows each containing 2 
groups of blocks (GOBs) 14 2. Each GOB 14 2 is, in turn, 
composed of either 3 rows or 6 rows of an indeterminate 
number of blocks 143. Each GOB 142 is encoded in a zigzag 
direction indicated by the arrow 144. The GOBs 142 are, in 

15 turn, processed row-by-row, left-to-right in each row. . 

Referring now to Figure 14c, it can be seen that, 
for both MPEG and GIF, the output of the encoder is in the 
form of a data stream 151. The decoder receives this data 
stream 151. The decoder can then reconstruct the image 

2 0 according to the format used to encode it. In order to allow 
the decoder to recognize start and end points for each 
standard, the data stream 151 is segmented into lengths of 33 
blocks 152. 

Referring to Figure 15, a Venn diagram is shown, 
25 representing the range of values possible for the table 
selection from the Huffman decoder 56 (shown in Fig. 11) of 
the present invention. The values possible for an MPEG 
decoder and an H.261 decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
30 certain H.261 formats. Likewise, the values possible for an 
MPEG decoder and a JPEG decoder overlap, indicating that a 
single table selection will decode both certain MPEG and 
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c rtain JPEG formats. Additionally, it is shovm that the 
H.261 values and the JPEG values d n t overlap, indicating 
that no single table selection exists that will decode both 
formats . 

Referring now more particularly to Figure 16, there 
is shown a schematic representation of variable length 
picture data in accordance with the practice of the present 
invention. A first picture 161 to be processed contains a 
first PICTURE_START token 162, first picture information of 
indeterminate length 163, and a first PICTURE_END token 164. 
A second picture 165 to be processed contains a second 
PICTURE_START token 166, second picture information of 
indeterminate length 167, and a second PICTURE_END token 168. 
The PICTURE_START tokens 162 and 166 indicate the start of 
the pictures 161 and 165 to the processor. Likewise, the 
PICTURE_END tokens 164 and 168 signify the end of the 
pictures 161 and 165 to the processor. This allows the 
processor to process picture information 163 and 167 of 
variable lengths. 

Referring to Figure 17, a split 171 receives input 
over line 172. A first output from the split 171 is passed 
over line 173 to an address generator 174. The address 
generated by the address generator 174 is passed over line 

175 to a DRAM interface 176. Signals are transmitted to and 
received from external DRAM (not shown) by the DRAM interface 

176 over line 177. A first output from the DRAM interface 
176 is passed over line 178 to a prediction filter 179. The 
output from the prediction filter 179 is passed over line 180 
as a first input to a summer 181. A second output from the 
split 171 is passed over line 182 as an input to a first-in 
first-out buffer (FIFO) 183. The output from the FIFO 183 is 
passed over line 184 as a second input to the summer 181. 
The output from the summer 181 is passed, over line . 185 to a 
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writ signal generat r 186. A first output fr m the write 
signal generator 186 is pass d over line 187 t the DRAM 
interface 176. A sec nd output from the %nrite signal 
generator 186 is passed over line 188 as a first input to a 
read signal generator 189. A second output from the DRAM 
interface 176 is passed over line 190 as a second input to 
the read signal generator 189. The output from the read 
signal generator 189 is passed over line 191 to a Video 
Formatter (not sho%m in Ficrure 17) . 

Referring now to Figure 18, the prediction 
filtering process is illustrated. A forward picture 2 01 is 
passed over line 202 as a first input to a summer 203. A 
backward picture 204 is passed over line 205 as a second 
input to the summer 203. The output from the summer 203 is 
passed over line 206. 

Referring to Figure 19, a slice 211 comprises one 
or more macroblocks 212. In turn, each macroblock 212 
comprises four luminance blocks 213 and two chrominance 
blocks 214, and contains the information for an original 16 
X 16 block of pixels. Each of the four luminance blocks 213 
and two chrominance blocks 214 is 8 x 8 pixels in size. The 
four luminance blocks 213 contain a 1 pixel to 1 pixel 
mapping of the luminance (Y) information from the original 16 
X 16 block of pixels. One chrominance block 214 contains a 
representation of the chrominance level of the blue color 
signal (Cu/b) , and the other chrominance block 214 contains 
a representation of the chrominance level of the red color 
signal (Cv/r) . Each chrominance level is subsampled such 
that each 8x8 chrominance block 214 contains the 
chrominance level of its color signal for the entire original 
16 x 16 block of pixels. 

Referring now to Figure 20, the structure and 
function of the Start Code Detector will become apparent. A 
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valu register 221 r ceives inage data ver a line 222. The 
line 222 is ight bits vide, allowing f r parallel 
transmissi n f eight bits at a tiae. The utput from th 
value register 221 is passed serially over line 223 to a 
decode register 224. A first output froo the decode register 
224 is passed to a detector 225 over a line 226. The line 
226 is twenty-four bits wide, allowing for parallel 
transmission of twenty-four bits at a time. The detector 225 
detects the presence or absence of an inage which corresponds 
to a standard-independent start code of 23 **zero'* values 
followed by a single **one** value* An 8-bit data value image 
follows a valid start code image. On detecting the presence 
of a start code image, the detector 225 transmits a start 
image over a line 227 to a value decoder 228. 

A second output from the decode register 2 24 is 
passed serially over line 229 to a value decode shift 
register 230. The value decode shift register 230 can hold 
a data value image fifteen bits long. The 8-bit data value 
following the start code image is shifted to the right of the 
value decode shift register 230, as indicated by area 231. 
This process eliminates overlapping start code images, as 
discussed below. A first output from the value decode shift 
register 230 is passed to the value decoder 228 over a line 
232. The line 232 is fifteen bits wide, allowing for 
parallel transmission of fifteen bits at a time. The value 
decoder 228 decodes the value image using a first look-up 
table (not shown) . A second output from the value decode 
shift register 230 is passed to the value decoder 228 which 
passes a flag to an index-to-tokens converter 234 over a line 
235. The value decoder 228 also passes information to the 
index-to-tokens converter 234 over a line 236, The 
information is either the data value image or start code 
index image obtained from the first look-up table. The flag 
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indicates which f rm f infornation is passed. The line 236 
is fifteen bits vide, all wing for parallel transmission of 
fifteen bits at a time. While 15 bits has been chosen here 
as the width in the present invention it will be appreciated 
that bits of other lengths may also be used* The index-to- 
tokens converter 234 converts the information to token images 
using a second look-up table (not sho%m) similar to that 
given in Table 12-3 of the Users Manual. The token images 
generated by the index-to-tokens converter 234 are then 
output over a line 237. The line 237 is fifteen bits wide, 
allowing for parallel transmission of fifteen bits at a time. 

Referring to Figure 21, a data stream 241 
consisting of individual bits 242 is input to a Start Code 
Detector (not shown in Figure 21) • A first start code image 
24 3 is detected by the Start Code Detector. The Start Code 
Detector then receives a first data value image 244. Before 
processing the first data value image 244, the Start Code 
Detector may detect a second start code image 245, which 
overlaps the first data value image 244 at a length 24 6, If 
this occurs, the Start Code Detector does not process the 
first data value image 244, and instead receives and 
processes a second data value image 247. 

Referring now to Figure 22, a flag generator 251 
receives data as a first input over a line 252. The line 252 
is fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. The flag generator 251 also receives 
a flag as a second input over a line 253, and receives an 
input valid image over a first two-wire interface 254. A 
first output from the flag generator 251 is passed over a 
line 255 to an input valid register (not shown) . A second 
output from the flag generator 251 is passed over a line 256 
to a decode index 257. The decode index 257 generates four 
outputs; a picture start image is passed over a line 258, a 
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picture number iaag is passed ov r a line 259, an insert 
imag is passed over a line 260, and a r place image is 
passed over a line 261. The data from the flag generator 251 
is passed over a line 262a. A header generator 263 uses a 
look-up table to generate a replace image, which is passed 
over a line 2 62b. An extra word generator 2 64 uses the MPU 
to generate an insert image, which is passed over a line 
262c. Line 262a, and line 262b combine to form a line 262, 
which is first input to output latches 265. The output 
latches 265 pass data over a line 266. The line 266 is 
fifteen bits wide, allowing for parallel transmission of 
fifteen bits at a time. 

The input valid register (not shown) passes an 
image as a first input to a first OR gate 2 67 over a line 
268* An insert image is passed over a line 269 as a second 
input to the first OR gate 2 67, The output from the first OR 
gate 267 is passed as a first input to a first AND gate 270 
over a line 271. The logical negation of a remove image is 
passed over a line 272 as a second input to the first AND 
gate 27 0 is passed as a second input to the output latches 
265 over a line 273. The output latches 265 pass an output 
valid image over a second two-wire interface 274. An output 
accept image is received over the second two-wire interface 
274 by an output accept latch 275. The output from the 
output accept latch 27 5 is passed to an output accept 
register (not shown) over a line 27 6. 

The output accept register (not shown) passes an 
image as a first input to a second OR gate 2 77 over a line 
278. The logical negation of the output from the input valid 
register is passed as a second input to the second OR gate 
277 over a line 279. The remove image is passed over a line 
280 as a third input to the second OR gate 277. The output 
from the second OR gate 277 is passed as a first input to a 
second AND gate 281 over a line 282. The logical negation of 
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an insert image is passed as a s cond input to the second AND 
gate 281 over a line 283. The output fron the second AND 
gate 281 is passed ver a line 284 to an input accept latch 
285. The output from the input accept latch 285 is passed 
over the first two-wire interface 2.54. 
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TXBLB COO 

Format 
1. H.261 
MPEG 
JPEG 



Image Received 
SEQUENCE START 
PICTURE START 
(Hone) 



Tokens General^ed 
SEQUENCE START 
GROUP START 
PICTURE START 
PICTURE DATA 

2. H.261 (None) PICTURE END 

MPEG ( None ) PADDING 

JPEG (None) FLUSH 

STOP AFTER PICTURE 
As set forth in Table 600 which shows a relationship 
between the absence or presence of standard signals in the 
certain machine independent control tokens, the detection of 
an image by the Start Code Detector 51 generates a sequence 
of machine independent Control Tokens. Each image listed in 
the "Image Received" column starts the generation of all 
machine independent control tokens listed in the group in the 
"Tokens Generated" column. Therefore, as shown in line 1 of 
Table 600, whenever a "sequence start" image is received 
during H.261 processing or a "picture start" image is 
received during MPEG processing, the entire group of four 
control tokens is generated, each followed by its 
corresponding data value or values. In addition, as set 
forth at line 2 of Table 600, the second group of four 
control tokens is generated at the proper time irrespective 
of images received by the Start Code Detector 51. 
TABLE 601 

DISPLAY ORDER: II B2 B3 P4 B5 36 P7 B8 B9 110 
TRANSMIT ORDER: II P4 B2 B3 P7 B5 B6 110 B8 B9 



3 0 As shown in line 1 of Table 601 which shows the timing 

relationship between transmitted pictures and displayed 
pictures, the picture frames are displayed in numerical 
order. However, in order to reduce the number of frames that 
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different ,rd«. I-. is useful c= be,i„ .ne „alys.s f„n an 

c.de. .3 to be displayed. The next predicted frame ,P 

fra-e, P,, is then transmitted. Then, any bi-Cirectionally 
interpolated frames ,B frames, to be displayed betveen the - 

llTl'V.""'" represented by frames 

and B3, Th.s allows the transmitted B frames to reference a 
previous frame (forward prediction, or a future fra.,e 
(backward prediction, , After transmitting all the B fra.es 
to be displayed between the II frame and the P, frame the 
next P frame, P, , .s transmitted. Next, all the B frames t 
be displayed between the P4 and P7 frames are transmitted 
corresponding to B5 and B6. Then, the next I frame, lie is 
transmitted. Finally all ^h« o * 

K ^ xnaiiy, all the B frames to be displayed 
betveen the P7 * 'yiayea 



between the P, and no frames are transmitted: corres on rn" 

wO frames B8 and rq tk^<p. ■ ^ 

. ordering of transmitted fra-.es 
requires only two frames to be keoc in ™ 



This ordering of transmitted 

.i..e. and does not require the decoder to wait for the 
transmission of the next P f.ame or I frame to display an 
interjacent B frame. ^spiay an 

"V futures. Objects and advantages, of the 

.^..en.ion will become more readily apparent to on, of 

ordinary skill in the art frr.™ 

detailed • ""^^ ensuing additional 

detailed description of iUustratiye embodiment of the 

invention which, for purooses of ^i 

explanation are grouped an. convenience of 

sections: ^" following 

1.. Multi-standard Configurations 

J- JPEG Still Picture Decoding 

2- Motion Picture Decompression 

• RA>! Memory Map 

=■ Sitstream Characteristics 
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14 



2 1 
22 



20 25 
26 



Reconfigurable Processing stage 
Multi-Standard Coding 



Multi-standard Procesc:ir,« - 
sc.rt cede ^..JZ \ =-=ux.-,„. 



6 . 

7 . 
3 . 

9 . 

,10. Tokens 
11- DRAM Interface 
12. Prediction Filter 

Accessing Registers 
Microprocessor Interface (mpI) 

15. MPI Read Ti.ning 

16. MPI Write Timing 

17. Key Hole Address Locations 
13. Picture End 

19. Flushing Operation 

20. Flush Function 
Stop-After-Picture 
.Multx-Standard Search Mode 

23. Inverse Modeler 
2-;. Inverse Quantizer 

Huffman Decoder and Parser 
Diverse Discrete Cosine Transformer 
27. Buffer Manager 



86 



1. MULTZ-STAKDAKD COHTIOURATIOMS 

Since th various compression standards, i.e., JPEG, 
MPEG and H.261, are well Kno%m, as for example as described 
in the aforementioned United States Patent No. 5,212,742, the 
detailed specifications of those standards are not repeated 
here. 

As previously mentioned, the present invention is 
capable of decompressing a variety of differently encoded, 
picture data bitstreams. In each of the different standards 
of encoding, some form of output formatter is required to 
take the data presented at the output of the spatial decoder 
operating alone, or the serial output of a spatial decoder 
and temporal decoder operating in combination, (as 
subsequently described herein in greater detail) and 
reformatting this output for use, including display in a 
computer or other display systems, including a video display 
system. Implementation of this formatting varies 

significantly between encoding standards and/or the type of 
display selected. 

In a first embodiment, in accordance with the present 
invention, as previously described with reference to Figures 
10-12 an address generator is employed to store a block of 
formatted data, output from either the first decoder (Spatial 
Decoder) or the combination of the first decoder (Spatial 
Decoder) and the second decoder (the Temporal Decoder) , and 
to write the decoded information into and/or from a memory in 
a raster order. The video formatter described hereinafter 
provides a wide range of output signal combinations. 

In the preferred multi-standard video decoder embodiment 
of the present invention, the Spatial Decoder and the 
Temporal Decoder are required to implement both an MPEG 
encoded signal and an H.261 video decoding system. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required to be reduced when working with 
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small picture f mats and at low coded data rates. The 
rec nfiguration of these DRAMs will be further described 
hereinafter with reference to the DRM! interface. Typically, 
a single 4 megabyte DRAM is recjuired by each of the Temporal 
Decoder and the Spatial Decoder circuits. 

The Spatial Decoder of the present invention performs 
all the required processing within a single picture. This 
reduces the redundancy within one picture. 

The Temporal Decoder reduces the redundancy between the 
subject picture with relationship to a picture which arrives 
prior to the arrival of the subject picture, as well as a 
picture which arrives after the arrival of the subject 
picture. One aspect of the Temporal Decoder is to provide an 
address decode network which handles the complex addressing 
needs to read out the data associated with all of these 
pictures with the least number of circuits and with high 
speed and improved accuracy. 

As previously described with reference to Figure 11, the 
data arrives through the Start Code Detector, a FIFO register 
which precedes a Huffman decoder and parser, through a second 
FIFO register, an inverse modeller, an inverse quantizer, 
inverse zigzag and inverse DCT. The two FIFOs need not be on 
the chip. In one embodiment, the data does not flow through 
a FIFO that is on the chip. The data is applied to the DRAM 
interface, and the FIFO-IN storage register and the FIFO-OUT 
register is off the chip in both cases. These registers, 
whose operation is entirely independent of the standards, 
will subsequently be described herein in further detail. 

The majority of the subsystems and stages shown in 
Figure 11 are actually independent of the particular standard 
used and include the DRAM interface 58, the buffer manager 59 
which is generating addresses for the DRAM interface, the 
inverse modeller 75, th'e inverse zig-zag 81 and the inverse 
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DCT 83. The standard independent units within th Huffman 
decoder and parser include the ALU 66 and the token formatter 
71. 

Referring now to Figure 12, the standard- 
independent units include the DRAM interface 100, the fork 
91, the FIFO register 96, the summer 98 and the output 
selector 106. The standard dependent units are the address 
generator 94, which is different in H.261 and in MPEG, and 
the prediction filter 103, which is reconfigurable to have 
the ability to do both H.261 and MPEG. The JPEG data will 
flow through the entire machine completely unaltered. 

Figure 13 depicts a high level block diagram of the 
video formatter chip. The vast majority of this chip . is 
independent of the standard. The only items that are 
affected by the standard is the way the data is written into 
the DRAM in the case of H.261, which differs from MPEG or 
JPEG; and that in H.2 61, it is not necessary to code every 
single picture. There is some timing information referred to 
as a temporal reference which provides some information 
regarding when the pictures are intended to be displayed, and 
that is also handled by the address generation type of logic 
in the video formatter. 

The remainder of the circuitry embodied in the video 
formatter, including all of the color space conversion, the 
up-sampling filters and all of the gamma correction RAMs , is 
entirely independent of the particular compression standard 
utilized. 

The Start Code Detector of the present invention is 
dependent on the compression standard in that it has to 
recognize different start code patterns in the bitstream for 
each of the standards. For example, H.261 has a 16 bit start 
code, MPEG has a 24 bit start code and JPEG uses marker codes 
which are fairly different from the other start codes. Once 
the Start Code Detector has recognized those different start 
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codes, its perati n is essentially independent of the 
compressi n standard. For instance, during searching, apart 
from the circuitry that recognizes the diff rent category of 
markers, much of the operation is very similar between the 
three different compression standards. 

The next unit is the state machine 68 (Figure 11) 
located within the Huffman decoder and parser. Here, the 
actual circuitry is almost identical for each of the three 
compression standards. In fact, the only element that is 
affected by the standard in operation is the reset address of 
the machine. If just the parser is reset, then it jumps to 
a different address for each standard. There are, in fact, 
four standards that are recognized. These standards are 
H.2 61, JPEG, MPEG and one other, where the parser enters a 
piece of code that is used for testing. This illustrates 
that the circuitry is identical in almost every aspect, but 
the difference is the program in the microcode for each of 
the standards. Thus, when operating in H.261, one program is 
running, and when a different program is running, there is no 
overlap between them. The same holds true for JPEG, which is 
a third, completely independent program. 

The next unit is the Huffman decoder 56 which 
functions with the index to data unit 64. Those two units 
cooperate together to perform the Huffman decoding. Here, 
the algorithm that is used for Huffman decoding is the same, 
irrespective of the compression standard. The changes are in 
which tables are used and whether or not the data coming into 
the Huffman decoder is inverted. Also, the Huffman decoder 
itself includes a state machine that understands some aspects 
of the coding standards. These different operations are 
selected in response to an instruction coming from the parser 
state machine. The parser state machine operates with a 
different program for each of the three compression standards 



and issues ^he correct command to th Huffman decoder at 
different times c nsistent with the standard in operation. 

The last unit on the chip that is dependent on the 
compression standard is the inverse quantizer 79, where the 
mathematics that the inverse cpaantizer performs are different 
for each of the different standards. In this regard, a 
CODING_STANDARD ^oken is decoded and the inverse cjuantizer 7 9 
rememJ:>ers which standard it is operating in. Then, any 
subsequent DATA tokens that happen after that event , but 
before another COD I NONSTANDARD may come along, are dealt with 
in the way indicated by the CODING_STANDARD that has been 
remembered inside the inverse quantizer. In the detailed 
description, there is a table illustrating different 
parameters in the different standards and what circuitry is 
responding to those different parameters or mathematics. 

The address generation, with reference to H.261, differs 
for each of the subsystems shown in Figure 12 and Figure 13. 
The address generation in Figure 11, which generates 
addresses for the two FIFOs before and after the Huffman 
decoder, does not change depending on the coding standards. 
Even in H.261, the address generation that happens on that 
chip is unaltered. Essentially, the difference between these 
standards is that in MPEG and JPEG, there is an organization 
of macroblocks that are in linear lines going horizontally 
across pictures. As best observed in Figure 14a, a first 
macroblock A covers one full line. A macroblock B covers 
less than a line. A macroblock C covers multiple lines. The 
division in MPEG is into slices 132, and a slice may be one 
horizontal line. A, or it may be part of a horizontal line B, 
or it may extend from one line into the next line, C. Each 
of these slices 132 is made up of a row of macroblocks. 

In H.261, the organization is rather different 
because the picture is divided into groups of blocks (GOB) . 



A gr up of blocks is thr e r ws f macr blocks high by eleven 
macr bl cks vide. In the case f a CIF pictur , there are 
twelve such gr ups of blocks. How ver, they are not 
organized one above the other* Rather, there are two groups 
of blocks next to each other and then six high, i.e., there 
are 6 GOB's vertically, and 2 GOB's horizontally. 

In all other standards, when performing the 
addressing, the macroblocks are addressed in order as 
described above. More specifically, addressing proceeds 
along the lines and at the end of the line, the next line is 
started. In H.2 61, the order of the blocks is the same as 
described within a group of blocks, but in moving onto the 
next group of blocks, it is almost a zig-zag. 

The present invention provides circuitry to deal 
with the latter affect. That is the way in which the address 
generation in the spatial decoder and the video formatter 
varies for H.261. This is accomplished whenever information 
is written into the DRAM. It is written with the knowledge 
of the aforementioned address generation sequence so the 
place where it is physically located in the RAM is exactly 
the same as if this had been an MPEG picture of the same 
size. Hence, all of the address generation circuitry for 
reading from the DRAM, for instance, when forming 
predictions, does not have to comprehend that it is H.2 61 
standard because the physical placement of the information in 
the memory is the same as it would have been if it had been 
in MPEG sequence. Thus, in all cases, only writing of data 
is affected. 

In the Temporal Decoder, there is an abstraction for 
H.261 where the circuitry pretends something is different 
from what is actually occurring. That is, each group of 
blocks is conceptually stretched out so that instead of 
having a rectangle which is 11 x 3 macroblocks, the 
macroblocks are stretched out into a length of 3 3 blocks (see 
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Figxire 14c) group of blocks which is one macroblock high. By 
d ing that, exactly the same c unting mechanisms used on the 
Temp ral Decoder for counting through the groups of blocks 
are also used for MPEG. 

There is a correspondence in the way that the 
circuitry is designed between an H.261 group of blocks and an 
MPEG slice. When H.261 data is processed after the Start 
Code Detector, each group of blocks is preceded by a 
slice_start_code. The next group of. blocks is preceded by 
the next slice_start code. The counting that goes on inside 
the Temporal Decoder for counting through this structure 
pretends that it is a 33 macroblock-long group that is one 
macroblock high. This is sufficient, although the circuitry 
also counts every 11th interval. When it counts to the 11th 
macroblock or the 22nd macroblock, it resets some counters. 
This is accomplished by simple circuitry with another counter 
that counts up each macroblock, and when it gets to 11, it 
resets to zero. The microcode interrogates that and does 
that work. All the circuitry in the temporal decoder of the 
present invention is essentially independent of the 
compression standard with respect to the physical placement 
of the macroblocks. 

In terms of multi-standard adaptability, there are 
a number of different tables and the circuitry selects the 
appropriate table for the appropriate standard at the 
appropriate time. Each standard has multiple tables; the 
circuitry selects from the set at any given time. Within any 
one standard, the circuitry selects one table at one time and 
another table another time. In a different standard, the 
circuitry selects a different set of tables. There is some 
intersection between those tables as indicated previously in 
the discussion of Figure 15. For example, one of the tables 
used in MPEG is also used in JPEG. The tables are not a 
completely isolated set. Figure 15 illustrates an H.261 
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sec, in.«PEG ser >nd . JPEO ^ ^^^.^ -rn.Y 

overlap «-..nJ«e H- .ney utUize. THer, is . 
„e quit, common in .he , ^ overlap 

,..,1 overlap Oev.e.n MPEO an. ^^^^^ ^^^^^^^^^ 

at all bev.een H.261 and " 

„«lly different sets of „ un.ts are 

« previously ^-^'"^'^ '^^^^ , is standard 

compression standard -^'P^"""'^,,^ „„emb.r -hat 

independent. and .u=« ^„ unit, tnat 

COOINC.STANO.RO is be.n, P""" „„pr..sion Standard as 
,r. standard ^-P'"^"V";X. them. When information 
..e C00IN0.ST.N0.R0 .,„,„d is distributed 

encoded/decoded in a fir ^^^^^^^ changing standards, 
through the machine, and » control would normally 

prior machines under microprocess „„pression 
L,cse to perform in accordance with tne ^^^^^^^ ^^^^^^^ 

standard. The MPU in such ^l^^J^^^^^^J,,, „echine tha-. 

1- ^iff^rent places wiw^^* 
stating in multiple difteren P changes 

„e compression ^ ^n" may flush the pip.Uh. 

ar different times and, in a 

through. „„«nrion by issuing a change of 

in accordance with the invention. J^^ ^^^^^^^^ ^^^^ 

C00XNC.ST.N0.R0 « the pip-Un.. "is change of 

positioned as the first un . ^^^led The token says a 

lompression standard ^J^^'l^^ """^ 
certain coding standard is beg „„j,,u„s .11 the 

information flows down the machine ^^^^ 

other registers at the appropriate time. 

program each register. , , now to form predictions 

The prediction token 'i^hals on which 

• ,„e bits in the ^^""""^ J^^,,,, translates 

compression standard is operating.Jh ^^^^^^ ^^^^ 
tne information that is found in the processing is 

oitstream into a prediction mode tol<en. 
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perfo^n^ by the Huffman decoder . and parser state machine 
Where it xs easy to manipulate b.ts based on certain 
condxt.ons. The Start Code Detector generates thxs 

predictxcn node token. The token then flows down the machine 
to the circuitry of the Temporal Decoder, which is the device 
responsible for forming predictions. The circuitry of -h- 
spatial decoder interprets the token without having to know 
what standard it is operating in because the bits in it are 
invariant in the three different standards. The Spatial 
Decoder :ust does what it is told in response to that token 
By having these tokens and using them appropriately, the 
design of other units in the machine is simplified. Although 
there may be some complications in the program, benefits ar^ 
received in that some of the hard wired logic which would be 
difficult to design for multi-standards can be used here. 

2 . JPEG STILL PICTURE DECODING 

AS previously indicated, the present invention r-'-^s 
zo signal decompression and, more particularly, to t.-e 
decompression of an encoded video signal, irrespective of t.he 
compression standard employed. 

one aspect of the present invention is to provide a first 
decoder circuit (the Spatial Decoder) to decode a first 
encoded signal (the JPEG encoded video signal) in combination 
with a second decoder circuit (the Temporal Decoder) to 
decode a first encoded signal (the MPEG or H.261 encoded 
video signal) in a pipeline processing system. The Tenpora ' 
Decoder is not needed for JPEG decoding. 

In this regard, the invention facilitates the 
decompression of a plurality of differently encoded signals 
through the use of a single pipeline decoder and 

decompression system th^ ^ 

ysuem. The decoding and decompression 

Pipeline processor is organized on a unique and special 
configuration which allows the handling of the mult i-standar = 



encode 3,g,^,3 

compatible wirh rho , tecnniques all 

With Che single pipeline decoder and r„.«^ 
system. The Snai-i.i r^ ««=oaer and processing 

^ ine Spatial Decoder is combined with the r.r.^ , 

Decoder, and the "iHor, r Temporal 
display. ° Formatter is used in driving a video 

Another aspect of the invention is the use of 
combination nf ^-k. r. °^ 'i^e 

ation Of the Spatial Decoder and the Video Fornar^. 

Pro«3s.„, .ou„a„ies > si„,Ie picture s "n 

standard independent address? "memories, 
the stcra,. and /."x.val oV r""" "'"^''"^ 
S.UI p.cture da 

Oecoder, and this output Ts e " . °' '^"'^^ 

«»ndard, c=n.i,uraM: ^id^r^.r n^ t^en"' 
an output to the di.pia, terminal. I„ a first 
Si.iiar pictures, each decompressed picture at thr"""" 
the spatial Decoder is of tn. . , ^ "'"^ ""tput of 

the picture reaches t/ "^"^ 'i"- 

second se, enc cf pTAu::?" " ' ^ 

Picture Size and h = different 

compared to the firs't'T ^ 

sequence of si.Ua turir::. f^"'"' """^ 

..ch Picture;^::: intt^ o/r 
thnr^nVrndVrdtep^rt";.:; " 

control to.ens and DATA tren ° °' 

plurality of = "'■^ns . m combination with a 

processing st.oes """'""^^^-P^^itioned r.conf igurable 
-andard-Lepe , "'"^"^ to act as a 

«nt, reconfigurable-pipeiine-processor. 
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uith A " ^-oain,, , sin,le Sp.tUl Decoder 

v.th no Oft Chip ORA« can r»pidiy decode baseUn. tp-^ 
^"a,es. The Spatial Decoder supports all ,e' 
-aseune .p.c standards. However tne ";" " 

tnat can be decoded ,ay be United by the si'.e of tn. 
b.».r o„id.d. .ne spatial Decoder circui" Tl'so" „ ^ 
a randon access ™e.ory circuit, havin, .achine-dependent 

.andard independent address generation circuits for handl n, 
the storage of information into the memories. 

AS previously, indicated the Temporal Decoder is not 
required to decode JPE=-encod.d video. Accordingly, signaL 
carried by DATA to.ens pass directly through the T.^pora 
Decoder without further processing when th. Temporal Decode; 
is configured for a JPEG operation. 

Another aspect of the present invention is to provide in 
the spatial Decoder a pair of memory circuits, such as bu fer 
memory circuits, for operating in combination --ith thi 
fman decoder/video demultiplexer circuit ,„D . vo.M, . I 
fir., buffer memory is positioned before the HD . VOM and a 

HD .DM decodes the bitstr.am from the binary ones and «ros 
that are in the standard encoded bitstream and turns suL 
s ream into numbers that are used downstream. The advantage 
=f the two buffer system is for implementing a multi-standa.d 
ecompression system. These two buffers, in combination wtn 

d«crle"d h " « Huffman decoder, are 

described hereinafter in greater detail 

.eci:::;:iorct:u c?v^— ^-rd. 

Detector combination of a start Code 

Detector circuit positioned upstream of the first forward 

onl ad ' ^" =-bination with the Huffman decoder 

dealino" r =--""ion is increased flexibility . 

z::::zt: P-ticuiany paddm,, .l.. 

be added to the bitstream. The placement of these 
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id.nt^fi^c componenr^, st«t Cod. Detector 

and „u«.,en L.ii"""^ 

sequences i„ the input titstre,„. " 

"ip DHAHs are used fo. h . 
encoded Video pictures in reel tl^e L 
.he buyers used -itn tne ORA.Ms JiXl d^rr 
encoded data rates. °" ^'=1" 

The coding standards identify all of tn. , 
dependent types of information that is n.cessarv .o ' 
- the CRA«s associated „ith the SpatTal 
Standard independent 

circuitry ^Jsmg 
3. MOTION PICTURE DECOMPRESSION 

In the present invention if m«i. ; 
decompressed through the steo/ Z 7 

Temporal Decoder is nece.. ''•"din,, a further 

the data decoded in "hi I' "'"^""^ .""^ines 

previously decored that ar^ " 

Pefore or after the IT.l "''^''y -t"" 

Temporal Decoder rece ""'""^ ' 

information to id.ntif thiV"T 

.nfornation. The Temporal D.codL ""Phalli-displaced 
temporally and spatially dL!? ! "'"I"'' " "dress 

and com.xne it in such a w "'"-tion. retrieve it, 

-"ted in one Picture t^." information 

decoded and ending with " """-^ly being 

and is suita.l. fir transm-""'"" ^= ""P^'" 

driving the display scr.:; ^It" 

Picture can be stored , *l"rnatively, the resultant 

cf .u.segu.nt p?ctu"es " """'"^ 

^a-:::ru:„nitr;t:ir""^ 

reference to the pic, " 
Temporal Decoder rei:Vrod"e:rfr"^""' 

-a coded representa::o::r:hVZtr,^\:::sr:r:: 
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s...,.„.,„, ,,,, — P™, .e,p„„.., 

be made greater if ^r.r i similarity can 

, 'notion compensation is applied rh. 

Temporal Decoder and decompression circuit also r^H 

redundancy between related pictures "'^^ 

Decoder °' ^"^^"^ invention, the Temporal 

::::r.;;.,rr'.:%-:;;r.rju:r;:r:::T-; 

'-'i^ UKAM m the sense that 

=»P«n<i«nt .ddress ^en.ration circuits 

d.spi/cVd L.ivVt "opc„ii, 
Pictur.. "° P'''^^^on Of the first 

encp;jX";Tr:.r"r"" "^^"^ °^ — - — 

support t.. llrU p?ctur77 "'^ "^"^"^ " 

rger picture formats possible with MPEG 

PiP.u": ra"^r7n:: :r r--' 

invention, the address Lcodin • 

blocks (stori. lecodin. Circuitry handles these pe' 

Th. addre r ::o:" ^^-^ .oundarils. 

retrievlno =, ' "«"i"y also handles the storing and 

th s . ersati it: ' ' """^ boundaries. 

A second " =="Pl.tely described hereinafter. 

passes the olp^roTlT"" "^^ ^"""'^ 
Decoder) direct, ""^ ^P""! 
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IbVTemporal Decoder also reorders tho ki ^ 
data for display bv a d i . , ^he blocks of picture 

Aspiay by a display circuit. The addro«= ^ 
circuitry, descrihoH k aaaress decode 

^y, aescribed hereinafter, provides ha«^i- 
reordering. P'rovides handling of this 

AS previously mentioned, one important feature of .he 
Temporal Decoder is to »mm ■ ^ mature of the 

aer is to add picture information together fro^ 
a selection of pictures i^hi^K u ^getner from 

arrived earlier or later 
than the oicturo m«^«>- later 
•K . P^""" ""'^^^ processing. when a picture is 

:::::::::: ™- - - 

1. The coded data representation of the picture- 

2. The result, i.e.. the final decoded picture ' 
resulting from the addition of a process step 
performed by the decoder; 

3. Previously decoded pictu;es read from the DRAM; and 

Of data between a PICTURE_START token and a 
subsequent PICTURE_end token. 

After the picture data information is processed by -he 
Temporal Decoder it ie ^<*w ^- ==«=u oy _ne 

ecoaer, it is either displayed or written back in-r> 

^ R.-ordering of „e mpec .ncoded picrur.s tor visual 
dxspiay xnvolvs th. possibiXiry that , desired scrambled 
picture c.n be achieved by varyino the - "rambled 

the Temporal Decoder re-orderin, feature of 



RAM MEMORY MAP 

rornalt! T""' ^^^^^^ '^ideo 

rormatcer all use external DRAM Pr^fo^.Ki 

IS used fn. Preferably, the same DRJ^Ji 

used for all three devices Wh i i ^ 
DRAM anH w devices use 
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in ORAM is different* That is, ach chip, e.g. Spatial 
Decoder and Temporal Decoder, have a different DRAM int rface 
and address generation circuitry even through they use a 
similar physical, external DRAM. 

In brief, the Spatial Decoder implements two FIFOs in 
the common DRAM. Referring again to Figure 11, one FIFO 54 
is positioned before the Huffman decoder 56 and parser, and 
the other is positioned after the Huffman decoder and parser. 
The FIFOs are implemented in a relatively straightforward 
manner. For each FIFO, a particular portion of DRAM is set 
aside as the physical memory in which the FIFO will be 
implemented. 

The address generator associated with the Spatial 
Decoder DRAM interface 56 keeps track of FIFO addresses using 
two pointers. One pointer points to the first word stored in 
the FIFO, the other pointer points to the last word stored in 
the FIFO, thus allowing read/write operation on the 
appropriate word. When, in the course of a read or write 
operation, the end of the physical memory is reached, the 
address generator "wraps around" to the start of the physical 
memory . 

In brief, the Temporal Decoder of the present invention 
must be able to store two full pictures or frames of whatever 
encoding standard (MPEG or H.261) is specified. For 
simplicity, the physical memory in the DRAM into which the 
two frames are stored is split into two halves, with each 
half being dedicated (using appropriate pointers) to a 
particular one of the two pictures. 

MPEG uses three different picture types: Intra (I) , 
Predicted (P) and Bidirectionally interpolated (B) . As 
previously mentioned, B pictures are based on predictions 
from two pictures. One picture is from the future and one 
from the past, I pictures require no further decoding by the 
Temporal Decoder, but must be stored in one of the two 
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Pictirt^ -buffers for later use in decodinq P and r • 

::::::::.;.r=r;" :-:-:rrr, 

previously decoded P or I picture. The decoded P pictur- is 
»- = r.d , Picture bu«er .or use d.codin, P and B pr^ur^s 

IZTVr boc. =. p u"r. 

d1 However, B pictures ere not stored in the external 

Note that I and P pictures are not output £ron -he 
Tenpor.l Decoder as. th.y ere decoded. Instead, I and J 
Pictures are written into one of the picture bu«.rs, and a-e 
read out only when a subsequent I or P picture arrives f'ol 
^-odin,. in other words, the Temporal Decoder reUes on 
the P or I pictures to nush previous pictures out o 

the t.o picture buffers, as further discussed hereinafter in 

v::e":°;a:: rT- " — 
to fiuih o':rj/Lvr:ri " °" 

ren\- L---id.r s:re-nor ::a:r 

pred.crions f.o™ .ot. the picture buffers ITtn II" 
predictions .ein, „ade to half-pi.el accurac 

AS previously described, the Temporal Decoder can be 
configured to provide MPFr ewoaer can be 

^ picture reordering. with this 

-coded .;\t — - - 

storerte';;! ' " reordered, certain tokens are 

P ct"re bT" " °" " ^= -i"'" 

t, «e s-o "-^ 

re-pora, n "* retrieved. At the output of the 

;T=ture "'"'y ^ « 

Pic-ur' P or : 
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- ^ec3ai„, -*e next '° 

^^'"^ wne next picture tk^ 

5 operations required .r. ."^ " ' memory 

^required are vriting.S x 8 blocks ;,nH * 
predictions with mteaer °ioc>cs, and forcing 

^tn integer accuracy motion vectors 
I" brief,, the Video Formatter stores three f 
pictures. Thre^ ni^i- scores three frames or 

xnree pictures need to be stored . 
such features as roo« ^- stored to accommodate 

cures as repeating or skipping pictures. 

5. BITSTREAM CHARACTERISTICS 

Characteristics o, the . '° ^i"tr„» 

-«.cter.st.cs r":-- - 

spatial oecoaar an. the Temporal o.cLr ror^!::"!, " 
°ne or mora compression standards th. . "^"Pl'. under 

=.^e standard is achieved ,y varvi^a tn """"""" °f 

uses to code tne pictures of a " " 

bits can vary by a JIT P'""". The number of 

len,tn o/a b?tstr"' ^"1= -ans 

Picture Of a Picture miont ! " " ' referenced 

ion,, another picture nirt T " "'^"^ unit 

s-U a third :ictur cofid t a racV " ^' ^""^ 

N°ne Of the existin f"«iPn of that unit, 

-"n. a „ay of^endr^ rpi"::?": 

When the next Picture starts "e = "^^^"""^ ^'"^ 
Aaditionaiiy, the standards ?„ :™ 
ihcomplete pictures to be generated k =f 

in accordance with the or. 
provided a .ay of indicatin, t e^ , 

Of its tokens: picture Lo, "e III' 
leevin, the start Cod"e Detector 
"artin, -...n a PICTURE START to.en 

woKen and ending with a 
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PICTURE_END token, but still of widely varying length. There 
may be other information transmitted here (between the first 
and sec nd picture) , but it is kn %m that th first picture 
has finished. 

The data stream at the output of the Spatial Decoder 
consists of pictures, still with picture-starts and picture- 
ends, of the same length (number of bits) for a given 
sequence. The length of time between a picture-start and a 
picture-end may vary. 

The Video Formatter takes these pictures of non-uniform 
time and displays them on a screen at a fixed picture rate 
determined by the type of display being driven. Different 
display rates are used throughout the world, e.g. PAL-NTSC 
television standards* This is accomplished by selectively 
dropping or repeating pictures in a manner which is unique. 
Ordinary ♦'frame rate converters," e.g. 2-3 pulldown, operate 
with a fixed input picture rate, whereas the Video Formatter 
can handle a variable input picture rate. 

6. RECON7I6URXBLB PROCESSING STAGE 

Referring again to Figure 10, the reconf igurable 
processing stage (RPS) comprises a token decode circuit 3 3 
which is employed to receive the tokens coming from a two 
wire interface 37 and input latches 34. The output of the 
token decode circuit 33 is applied to a processing unit 3 6 
over the two-wire interface 37 and an action identification 
circuit 39. The processing unit 36 is suitable for 
processing data under the control of the action 
identification circuit 39. After the processing is 
completed, the processing unit 3 6 connects such completed 
signals to the output, two-wire interface bus 40 through 
output latches 41. 

The action identification decode circuit 39 has an 
input from the token decode circuit 3 3 over the two-wire 
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interface bus 40 and/ r fron aenory circuite 43 and 44 ver 
tvo-vire inter fac bus 46. The t kens fron the token decode 
circuit 33 are applied simultaneously to the action 
identification circuit 39 and the processing unit 36. The 
action identification function as well as the RPS is 
described in further detail by tables and figures in a 
subsequent portion of this specification. 

The functional block diagran in Figure 10 
illustrates those stages sho%m in Figures 11, 12 and 13 which 
are not standard independent circuits. The data flows 
through the token decode circuit 33, through the processing 
unit 3 6 and onto the two-wire interface circuit 42 through 
the output latches 41. If the Control Token is recognized by 
the RPS, it is decoded in the token decode circuit 3 3 and 
appropriate action will be taken. If it is not recognized, 
it will be passed unchanged to the output two-wire interface 
42 through the output circuit 41. The present invention 
operates as a pipeline processor having a two-wire interface 
for controlling the movement of control tokens through the 
pipeline. This feature of the invention is described in 
greater detail in the previously filed EPO patent application 
number 92306038 . 8 . 

In the present invention, the token decode circuit 33 is 
employed for identifying whether the token presently entering 
through the two-wire interface 42 is a DATA token or control 
token. In the event that the token being examined by the 
token decode circuit 33 is recognized, it is exited to the 
action identification circuit 39 with a proper index signal 
or flag signal indicating that action is to be taken. At the 
same time, the token decode circuit 3 3 provides a proper flag 
or index signal to the processing unit 36 to alert it to the 
presence of the token being handled by the action 
identification circuit 39. 
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Contr 1 tok ns nay also be processed. 

A more detailed description of the various types of 
t kens usable in the present inventi n vill be subsequently 
described hereinafter. For the purpose of this portion of 
the specification, it is sufficient to note that the address 
carried by the control token is decoded in the decoder 3 3 and 
is used to access registers contained within the action 
identification circuit 39. When the token being examined is 
a recognized control token, the action identification circuit 
39 uses its reconfiguration state circuit for distributing 
the control signals throughout the state machine. As 
previously mentioned, this activates the state machine of the 
action identification decoder 39, which then reconfigures 
itself. For example, it may change coding standards. In 
this way, the action identification circuit 39 decodes the 
required action for handling the particular standard now 
passing through the state machine shown with reference to 
Figure 10. 

Similarly, the processing unit 3 6 which is under 
the control of the action identification circuit 3 9 is now 
ready to process the information contained in the data fields 
of the DATA token when it is appropriate for this to occur. 
On many occasions, a control token arrives first, 
reconfigures the action identification circuit 39 and is 
immediately followed by a DATA token which is then processed 
by the processing unit 36. The control token exits the 
output latches circuit 41 over the output two-wire interface 
4 2 immediately preceding the DATA token which has been 
processed within the processing unit 36. 

In the present invention, the action identification 
circuit, 39, is a state machine holding history state. The 
registers, 43 and 44 hold information that has been decoded 
from the token decoder 3 3 and stored in these registers. 
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Such registers can be either n-chip or-off chip as needed. 
These plurality of state registers c ntain acti n information 
connected to the action identificati n currently being 
identified in the action identification circuit 39. This 
action infomation has been stored from previously decoded 
tokens and can affect the action that is selected. The 
connection 4 0 is going straight from the token decode 3 3 to 
the action identification block 39. This is intended to show 
that the action can also be affected by the token that is 
currently being processed by the token decode circuit 33. 

In general, there is shown token decoding and data 
processing in accordance with the present invention. The 
data processing is performed as configured by the action 
identification circuit 39. The action is affected by a 
number of conditions and is affected by information generally 
derived from a previously decoded token or, more 
specifically, information stored from previously decoded 
tokens in registers 43 and 44, the current token under 
processing, and the state and history information that the 
action identification unit 39 has itself acquired. A 
distinction is thereby shown between Control tokens and DATA 
tokens. 

In any RPS, some tokens are viewed by that RPS unit as 
being Control tokens in that they affect the operation of the 
RPS presumably at some subsequent time. Another set of 
tokens are viewed by the RPS as"^ DATA tokens. Such DATA 
tokens contain information which is processed by the RPS in 
a way that is determined by the design of the particular 
circuitry, the tokens that have been previously decoded and 
the state of the action identification circuit 39. Although 
a particular RPS identifiies a certain set of tokens for that 
particular RPS control and another set of tokens as data, 
that is the view of that particular RPS. Another RPS can 
have a different view of. the same token. Some of the tokens 
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because there are 64 8-bit u. registers, m fact, 

-listers, - ..neral r;:.^;^" ""^ 
information is viewed a= .1 »9"t«rs may be present. This 

controi informatlraf/ects tl: 

subsequent to.ens because ^ rfre^s^L ^ " °" 

-•ultiply each data word Th.. ■ """"^r that you 

-ewed that toKen as bein, data^Lr "'T "''^ 
« being control. """" it 

un.vers°a'uVv"ved asT""" --s^ 

t.. i^Pcrtlnt aspens r't^ir ^ 
Circuitry that has a to.en d ^od'r ITu"'' 

certain set of token. . ^ ' IcoKing for a 

r.cogni.e win b.^ssed u : teVed ^^'h " 

Pipeline, so that subsegJent .t '/s ! 
current stage have the benefit of see" o th 
■'"pond to them. This is an important feat"' 
=-n be communication between blocks " 

cne another using the token mechanism "'"^"^ " 

another important feature of the invention is that each of 



108 



the stages of circuitry has the pr cessing capability vithin 
it t be able to perf m the necessary operati ns for each of 
the standards, and the control, as to which operations are to 
be performed at a given time, come as tokens. There is one 
processing element that differs between the different stages 
to provide this capability. In the state machine ROM of the 
parser, there are three separate entirely different programs, 
one for each of the standards that are dealt with. Which 
program is executed depends upon a COOING_STANDARD token. In 
otherwords, each of these three programs has within it the 
ability to handle both decoding and the CODING_STANDARD 
standard token. When each of these programs sees which 
coding standard, is to be decoded next, they literally jump 
to the start address in the microcode ROM for that particular 
program. This is how stages deal with multi-standardness . 

Two things are affected by the different standards. 
First, it affects what pattern of bits in the bitstream are 
recognized as a start-code or a marker code in order to 
reconfigure the shift register to detect the length of the 
start marker code. Second, there is a piece of information 
in the microcode that denotes what that start or marker code 
means. Recall that the coding of bits differs between the 
three standards. Accordingly, the microcode looks up in a 
table, specific to that compressor standard, something that 
is independent of the standard, i.e., a type of token that 
represents the incoming codes. This token is typically 
independent of the standard since in most cases, each of the 
various standards provide a certain code that will produce 
it. 

The inverse quantizer 79 has a mathematical 
capability. The quantizer multiplies and adds, and has the 
ability to do all three compression standards which are 
configured by parameters. For example, a flag bit in the ROM 
in control tells the inverse quantizer whether or not to add 
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a c nstan^, K. Another flag tells the inverse quantizer 
whether t add another constant* The inverse quantizer 
remembers in a register the COOING_STANDARD token as it f 1 ws 
by the quantizer. When DATA tokens pass thereafter, the 
inverse qpiantizer remembers what the standard is and it looks 
up the parameters that it needs to apply to the processing 
elements in order to perform a proper operation. For 
example, the inverse quantizer will look up whether K is set 
to 0, or whether it is set to 1 for a. particular compression 
standard, and will apply that to its processing circuitry. 

In a similar sense the Huffman decoder 56 has a number 
of tables within it, some for JPEG, some for MPEG and some 
for H.261. The majority of those tables, in fact, will 
service more than one of those compression standards. Which 
tables are used depends on the syntax of the standard. The 
Huffman decoder works by receiving a command from the state 
machine which tells it which of the tables to use. 
Accordingly, the Huffman decoder does not itself directly 
have a piece of state going into it, which is remembered and 
which says what coding it is performing. Rather, it is the 
combination of the parser state machine and Huffman decoder 
together that contain information within them. 

Regarding the Spatial Decoder of the present 
invention, the address generation is modified and is similar 
to that shown in Figure 10, in that a number of pieces of 
information are decoded from tokens, such as the coding 
standard. The coding standard and additional information as 
well, is recorded in the registers and that affects the 
progress of the address generator state machine as it steps 
through and counts the. macroblocks in the system, one after 
the other. The last stage would be the prediction filter 179 
(Figure 17) which operates in one of two modes, either H.261 
or MPEG and are easily identified. 
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fora f the invention, th token xtension is us d to carry 
the current coding standard which is decod d by the relative 
t ken d code circuits distributed thr ughout the machine, and 
is used to reconfigure the action identification circuit 3 9 
5 of stages throughout the machine wherever it is appropriate 
to operate under a new coding standard- Additionally, the 
token decode circuit can indicate whether a control token is 
related to one of the selected standards which the circuit 
was designed to handle. 
10 More specifically, an MPEG start code and a JPEG marker 

Cl are followed by an 8 bit value. The H.261 start code is 

S| followed by a 4 bit value. In this context, the Start Code 

Detector 51, by detecting either an MPEG start-code or a JPEG 
fJI marker, indicates that the following 8 bits contain the value 

HI 15 associated with the start-code. Independently, it can then 

create a signal which indicates that it is either an MPEG 
H: Start code or a JPEG marker and not an H.261 start code. In 

CI this first instance, the 8 bit value is entered into a decode 

gi circuit, part of which creates a signal indicating the index 

CI 2 0 and flag which is used within the current circuit for 

handling the tokens passing through the circuit. This is 
also used to insert portions of the control token which will 
be looked at thereafter to determine which standard is being 
handled. In this sense, the control token contains a portion 
25 indicating that it is related to an MPEG standard, as well as 
a portion which indicates what type of operation should be 
Performed on the accompanying data. As previously discussed, 
this information is utilized in the system to reconfigure the 
processing stage used to perform the function required by the 
3 0 various standards created for that purpose. 

For example, with reference to the H.261 start code, it 
is associated with a 4 bit value which follows immediately 
after the start code. The Start Code Detector passes this 
value into the token generator state machine. The value is 
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appli d t an 8 bit decoder which produces a 3 bit start 
number. The start number is employed to id ntify the 
picture-start of a picture number as indicated by the value. 
The system also includes a multi-stage parallel 
5 processing pipeline operating under the principles of the 
tvo-vire interface previously described. Each of the stages 
comprises a machine generally taking the form illustrated in 
Figure 10. The token decode circuit 33 is employed to direct 
the token presently entering the state machine into the 
10 action identification circuit 39 or the processing unit 36, 
as appropriate. The processing unit has been previously 

%| reconfigured by the next previous control token into the form 

needed for handling the current coding standard, which is now 
entering the processing stage and carried by the next DATA 

R;| 15 token. Further, in accordance with this aspect of the 
invention, the succeeding state machines in the processing 
pipeline can be functioning under one coding standard, i.e., 
H.261, while a previous stage can be operating under a 

« separate standard, such as MPEG. The same two-wire interface 

CI 2 0 is used for carrying both the control tokens and the DATA 

Tokens . 

The system of the present invention also utilizes 
control tokens recpiired to decode a number of coding 
standards with a fixed number of reconf igurable processing 

25 stages. More specifically, the PICTURE_END control token is 
employed because it is important to have an indication of 
when a picture actually ends. Accordingly, in designing a 
multi-standard machine, it is necessary to create additional 
control tokens within the multi-standard pipeline processing 

3 0 machine which will then indicate which one of the standard 
decoding techniques to use. Such a control token is the 
PICTURE_END token. This PICTURE_END token is used to 
indicate that the current picture has finished, to force the 
buffers to be flushed, and to push the current picture 
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through the decoder to the display. 

• • NULTZ-STAMDARD PROCB88I1IO CIRCUIT - SBC ND 
MODB or OPBRATIOM 

A compression standard^dependent circuit, in the form of 
the previously described Start Code Detector, is suitably 
interconnected to a compression standard-independent circuit 
over an appropriate bus. The standard-dependent circuit is 
connected to a combination dependent- independent circuit over 
the same bus and an additional bus. The standard-independent 
circuit applies additional input to the standard dependent- 
independent circuit, while the latter provides information 
back to the standard- independent circuit. Information from 
the standard- independent circuit is applied to the output 
over another suitable bus. Table 600 illustrates that the 
multiple standards applied as the input to the standard- 
dependent Start Code Detector 51 include certain bit streams 
which have standard-dependent meanings within each encoded 
bit stream. 

9. START-CODE DETECTOR 

As previously indicated the Start Code Detector, in 
accordance with the present invention, is capable of taking 
MPEG, JPEG and H.261 bit streams and generating from them a 
sequence of proprietary tokens which are meaningful to the 
rest of the decoder. As an example of how multi-standard 
decoding is achieved, the MPEG (l and 2) picture_start_code , 
the H.261 picture_start_code and the JPEG start_of_scan (SOS) 
marker are treated as equivalent by the Start Code Detector, 
and all will generate an internal PICTURE_START token. In a 
similar way, the MPEG sequence_start_code and the JPEG SOI 
(start_of_image) marker both generate a machine 
sequence_start_token. The H.261 standard, however, has no 
equivalent start code. Accordingly, the Start Code Detector, 
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in rftsp^nse to the first H.261 picture 

generate a sequen=e_start token.' " ^'"""^-^^-^-"^^ - 

None Of the above described images are direc., 
other than in the SCD. Rather . directly used 

^ -Ken. for example, has been deeLd to^ll^'^V ""'^"^"^^^"^ 
.PXCTURZ.ST.PT ..ages contained th""^::""^ 
Furthermore, it must h« k stream. 

PICTURE STAPT °r„r 

aescribed subsequently. 
Referring a9ain to Table son rh— 
of a group of stand..-H • 

°Fpiicacion to the two-wire ir^^-*** 

Of „a or ar. 
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by co1n:«,„ ot the «.ens, and are prepared Co handle da-a 
-h.ch IS expected to be received -.hen the picture DATA Token 
arrives at that station. 

standards'"''!"'' -escribed, on. of the compression 
standards, such as H.J61, does not have a sequence start 
i.-=a,e in its data stream, nor does it have a picture r.,o 
inage xn its data stream. The start Code Detector indic«es 
the PICTUW.END point in the incoming tit stream and creates 
a PICTURE.E»D toRen. In this re„rd. the system of the 
present invention is intended to carry data uords that are 
'ully packed to contain a bxt of information in each of the 
register positions selected for use in the practice of the 
present invention. To this end, IS bits have been selected 
as the number of bits which are passed between two start 

Znl\°\r"'- 'PP""".- by one of ordinary 

Skill in the art, that a selection can be made to include 
.ither greater or fewer than 15 bits. I„ ether words, all 13 
bits Of a data word being passed from the start Code Detector 
-.0 the ORAM interface are required for proper operation 

-luid 

selected. illustration 15 data bits has been 

To perform, the Padding operation, in accordance with the 
resent invention, binary 0 followed by a number of btar 

word Th?s Z"""' """" " ""^'"^ '' ^'^ 

and presented to the Huffman decoder, which removes thl 
padding. Thus, an arbitrary number of bits can be passe- 
-hrough a buffer of fixed size and width. ' 

In one embodiment, a slice_start control token is used 
to Identify a slice of the picture. A slice start contr=. 
-■^.n IS employed to segment the picture " into small-^ 
gions. The size of the region is chosen by the encode- 
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and t4« jt.rt code Detector identities tnis unique pattern , 

suce.etert code in order tor tne nacnine-d.pend 3,3: 
ste,es. located do.nstre,™ fron t«. start Code Detector 
se,.ent tn. picture .ein, received into smaller regions r^e 
Size oe the r.,ion 13 c.osen .y tn. encoder, r.co,niVed" 
t.. Start code Detector end used 5y the recombination 
circuitry and control toKen. to decompress tne encoded 
Picture. The slice.start.cod.s are principally used tor 
error recovery. 

tne /"'h""' ' '■«•"'=' ""t'n^ uo 

tne decoder, and this „iu subsequently be described .„ 

further detail. There are a number ot advanraqes in placing 

the start Cod. Detector before the coded dal butter al 

opposed CO placln, the start Code Detector atter the c;ded 

data butter and betore the Huftm.n decoder and video 

first butter allows it to 1, assemble the tokens, 2, de-ode 
.he standard control signals, such as start codes. pad -!h. 
bitstream betore the data ,o.s into the butter, and create 
-he proper sequence ot control tokens to empty the butters 
pushin, the available data trom the butters Lto thel't^mln 

Det..r".°' "art code 

Detector directly reflect syntactic elements ot the varioul 
Picture and video codinq standards. The start Code Dete«or 
converts the syntactic elements into control tokens n 

addition to these natural tokens, some unique and/or machin:- 
epen, ^^^^^^^^^ ^^^^ =h ne 

-ose tokens which have been specifically desiqned tor use 
-i-h the system ot the present invention which are unique in 
and Of theoselves, and are employed for aidin, in the multi- 
s-andard nature ot the present invention. Examples ot sue-, 
unique tokens include PICTbKE_END and CODINC_STANDARD. 

Tokens are_ also introduced to remove some of the 
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tne start-codes in the coded data a c-^ 
of extra tokens is ir^^^r-* ^ • aaca . a sequence 

IS inserted into the two- wire interf^r-^ • 
order to control the multi-standard nature of the " 
invention. ature of the present 

IS hereinafter called =^ . • Patterns, one of which 

m parsing the coded data. ^^^''^ 
The start/marker code Datto^„= , 

Thus, t«.y can b. u«d ' 

"P. T.e start Coda o.tector " "T'^' 

t.e 

s«rt-up Of the dacoder. Tha error d.T 

the Start Coda O.tactor uTll k ""'"^"n capability of , 
furthar datail a. ",? t ' ^' discussad i„ 

dacodar. ""^ « up of t.a 

P- streL Of tha „.cKi„a-dapand,„t 

Character" tics / "^"-nship „it. t.e addrassir., 

^"cr.ptlon ?s / invention. T«a foiiow.., 

iptlon IS Of the bit straa- characteristics - 
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stanclard-d.pendent coded 1.^, w 

cede o«ec«r. " "'"'^ "f.renc, ^.^^^ 

^ teen .elected „ lde„:?,;°;l7:""°" " 

specificrion. Each ot the star. ""Pr.ssicn 
a «art cod. value. Th. . - 

Identify Within the lan,ua,e or " " 

operation that the start code " s as, " ^^^^ 

0 .1-ulti-standard decoder of th "i"- the 
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configuration as Previ:::,"^::::::.^" 
including ,1,, 3i,„,j are Circuit 
"ate machine, a„d are d.scribid h 

start and/or IrKer ^"''""^^ " appropriate. 
s«hdards, as well es other sr H " contained i„ the 
-ds, .r. sometimes identif" ;?" " " 

-ith the use Of cod. ,nd/or „.Jh " """" "nfusion 

" --n. contents of control """-^^P"^"'' =°<^« t= refer 

— e. .ISO. ch."t::rs::::"„r - ^- 

generic t.rn to r.fer to jprl . " " ' 

H..S1 start codes. „.r".r h " "'^^ " 

th. same purpose. Also th =«ve 
"fer to th. PLL-SH to.en a„d " " " 

r.f.rrin, to flushin, th. start r I ^ """Pi* "hen 

ancludin, the si,nai "flusnel 

fLUSH tok.n is always writt.n ' "«"^i°n. the 

o^ th. term ,verb or noun Ir. ""T" ""s 

The "andard-depende t cod.; intr 
"..pris.s data and start i„A ""a"' 

.,.,es carry "ith thrr:.". ^"A"" 
operation is to b. performed t.lUn, the user what 
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--dard Pip.line processln, system of "hTpVes.rt 

tne present invention. 
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where compatibility is required for multiple standards, the 
system has been optimized for handling all functions in all 
standards. Accordingly, in many situations, unique start 
control tokens must be created which are compatible not only 
5 with the values contained in the values of the encoded signal 
standard image, but which are also capable of controlling the 
various stages to emulate the operation of the standard as 
represented by specified parameters for each standard which 
are well known in the art. All such standards are 
10 incorporated by reference into this specification. 

It is important to understand the relationship between 
tokens which, alone or in combination with other control 
tokens, emulate the nondata information contained in the 
standard bit stream. A separate set* of index signals, 
15 including flag signals, are generated by each state machine 
to handle some of the processing within that state machine. 
CI Values carried in the standards can be used to access machine 

JJ' dependent control signals to emulate the handling of the 

5 3 1: 

Q standard data and non-data signals. For example, the 

20 slice_start token is a two word token, and it is then entered 
onto the two wire interface as previously described. 

The data input to the system of the present invention 
may be a data source from any suitable data source such as 
disk, tape, etc., the data source providing 8 bit data to the 
25 first functional stage in the Spatial Decoder, the Start Code 
Detector 51 (Figure 11) . The Start Code Detector includes 
three shift registers; the first shift register is 8 bits 
wide, the next is 24 bits wide, and the next is 15 bits wide. 
Each of the registers is part of the two-wire interface. The 
3 0 data from the data source is loaded into the first register 
as a single 8 bit byte during one timing cycle. Thereafter, 
the contents of the first shift register is shifted one bit 
at a time into the decode (second) shift register. After 24 
cycles, the 24 bit register is full- 
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Every 8 cycles, the 8 bit bytes are 1 aded int the 
first shift register. Each byte is loaded into the value 
shift register 221 (Figure 20) , and 8 additional cycles are 
used to empty it and load the shift register 231. Eight 
cycles are used to empty it, so after three of those 
operations or 24 cycles, there are still three bytes in the 
24 bit register* The value decode shift register 2 30 is 
still empty. 

Assuming that there is now a PICTURE^START word in the 
24 bit shift register, the detect cycle recognizes the 
PICTUR£_START code pattern and provides a start signal as its 
output. Once the detector has detected a start, the byte 
following it is the value associated with that start code, 
and this is currently sitting in the value register 221. 

Since the contents of the detect shift register has been 
identified as a start code, its contents must be removed from 
the two wire interface to ensure that no further processing 
takes place using these 3 bytes. The decode register is 
emptied, and the value decode shift register 23 0 waits for 
the value to be shifted all the way over to such register. 

The contents now of the low order bit positions of the 
value decode shift register contains a value associated with 
the PICTURE_START. The Spatial Decoder equivalent to the 
standard PICTURE_START signal is referred to as the SD 
PICTURE_START signal. The SD PICTURE_START signal itself is 
going to now be contained in the token header, and the value 
is going to be contained in the extension word to the token 
header . 

10. TOKENS 

In the practice of the present invention, a token is a 
universal adaptation unit in the form of an interactive 
interfacing messenger package for control and/or data 
functions and is adapted for use with a reconf igurable 
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token IS only one word Ion,. 

at bi^r rr " « -■^-^^ss fi.x=. .nar st,r-s 

at bxt 7 Of .ne tirs. word of the token. The address A.ll 

z.z\T\ p«-'ia". .xt.:: :: 

r .ords. in a preferred embodiment, the address is 

longer than 3 bits long. However this f= . 
on the invention, b.Jo„ .ne magnitude of "e^ 
-eps elected to be acoc.pi.shed b^ use of th.s; t 

that th ^" identification iabe 
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data ^.js xn an=«.r vcrc of tr,. „„, DATA to.en c= 
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this variable pictur rate to a constant picture rate 
suitable f r display. However, the picture data is still 
carried by DATA t kens c nsisting f 64 words* 

XI. DRAM IMTERFACB 

A single high performance, configurable DRAM interface 
is used on each of the 3 decoder chips. In general, the DRAM 
interface on each chip is substantially the same; however, 
the interfaces differ from one to another in how they handle 
channel priorities. This interface is designed to directly 
drive the external DRAMs used by the Spatial Decoder, the 
Temporal Decoder and the Video Formatter. Typically, no 
external logic, buffers or components will be required to 
connect the DRAM interface to the DRAMs in those systems. 

In accordance with the present invention, the interface is 
configurable in two ways: 

1. The detailed timing of the interface can be 
configured to accommodate a variety of different 
DRAM types. 

2. The width of the data interface to the DRAM can 
be configured to provide a cost /performance trade 
off for different applications. 

In general, the DRAM interface is a standard-independent 
block implemented on each of the three chips in the system. 
Again, these are the Spatial Decoder, Temporal Decoder and 
video formatter. Referring again to Figures 11, 12 and 13, 
these figures show block diagrams that depict the 
relationship between the DRAM interface, and the remaining 
blocks of the Spatial Decoder, Temporal Decoder and video 
formatter, respectively. On each chip, the DRAM interface 
connects the chip to an external DRAM. External DRAM is used 
because, at present, it is not practical to fabricate on chip 
the relatively large amount of DRAM needed. Note: each chip 
has its own external DRAM and its own DRAM interface. 
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sJndfr'rT'' r^'^ ""^ interface xs co.p.ess.on 

standard-xndependent, it still must be configurod to 
.nplenent each of the .ultxple standards. H.261. and 
HOW the DRAM interface is reconfigured for -ul^i- 
stanoard operation win be subsequently further described 
herein. 



Accordingly, to understand the operation of the dra>. 
interface requires an understanding of the relationship 
between the DRAM interface and the address generator, and how 
the two communicate using the two wire interface 

in general, as its name implies, the address generator 
generates the addresses the DRAM interface needs in order -o 
address the DRAM (e.g., to read from or to write to "a 
particular address in DRAM,. with a two-wire interface 
reading and writing only occurs when the DRAM interface has 
both data (from preceding stages in the pipeline), and a 
valid address (from address generator,. The use of a 
separate address generator simplifies the construction 
both the address generator and the DRAM interface," Is 
discussed further below. 

in the present invention, the DRAM interface can opera^« 
from a cloc. which is asynchronous to both the addreJs' 
generator and to the cloc.s of the stages through which data 
passed, special techniques have been used to handle this 
asynchronous nature of the operation. 

Data is typically transferred between the DRAM interface 

except'-onT- °' ^^^^ ^^^^ 

exception being prediction data in the Temporal Decoder,' 

Transfers take place by means of a device known as a "s-'ina 
buffer" TKi<. ' /^iiwwn as a s^ing 

K .J essentially a pair of RAMs operated in a 

-cuble-buffered configuration, with the DRAM interface 
-iiiing or emptying one RAM while another part of the c- ' p 
enpties or fills the other RA^. a separate bus which carries 
an address from an address generator is associated with eac- 
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swing buffer. 

In the present invent! n, each f the chips has four swing 
buffers I but the function of these swing buffers is different 
in each case. In the spatial decoder, one swing buffer is 
used to transfer coded data to the DRAM, another to read 
coded data from the DRAH, the third to transfer tokenized 
data to the DRAM and the fourth to read tokenized data from 
the DRAM. In the Temporal Decoder, however, one swing buffer 
is used to write intra or predicted picture data to the DRAM, 
the second to read intra or predicted data from the DRAM and 
the other two are used to read forward and backward 
prediction data. In the video formatter, one swing buffer is 
used to transfer data to the DRAM and the other three are 
used to read data from the DRAM, one for each of luminance 
(Y) and the red and blue color difference data (Cr and Cb, 
respectively) . 

The following section describes the operation of a 
hypothetical DRAM interface which has one write swing buffer 
and one read swing buffer. Essentially, this is the same as 
the operation of the Spatial Decoder's DRAM interface. The 
operation is illustrated in Figure 23. 

Figure 23 illustrates that the control interfaces 
between the address generator 301, the DRAM interface 302, 
and the remaining stages of the chip which pass data are all 
two wire interfaces. The address generator 301 may either 
generate addresses as the result of receiving control tokens, 
or it may merely generate a fixed sequence of addresses 
(e.g., for the FIFO buffers of the Spatial Decoder). The 
DRAM interface treats the two wire interfaces associated with 
the address generator 301 in a special way. Instead of 
keeping the accept line high when it is ready to receive an 
address, it waits for the address generator to supply a valid 
address, processes that address and then sets the accept line 
high for one clock period. Thus, it implements a 
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r quest/acknowledg (REQ/ACK) protocol. 

A unique feature f the DRAM interface 3 02 is its 
ability to communicate independently with the address 
generator 3 01 and with the stages that provide or accept the 
data- For example, the address generator may generate an 
address associated with the data in the write swing buffer 
(Figure 24), but no action will be taken until the write 
swing buffer signals that there is a block of data ready to 
be written to the external DRAM. Similarly, the %n:ite swing 
buffer may contain a block of data which is ready to be 
written to the external DRAM, but no action is taken until an 
address is supplied on the appropriate bus from the address 
generator 3 01. Further, once one of the RAMs in the write 
swing buffer has been filled with data, the other may be 
completely filled and "swung" to the DRAM interface side 
before the data input is stalled (the two-wire interface 
accept signal set low) . 

In understanding the operation of the DRAM interface 3 02 
of the present invention, it is important to note that in a 
properly configured system, the DRAM interface will be able 
to transfer data between the swing buffers and the external 
DRAM 303 at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 

Each DRAM interface 3 02 determines which swing buffer it 
will service next. In general, this will either be a "round 
robin" (i.e., the next serviced swing buffer is the next 
available swing buffer which has least recently had a turn) , 
or a priority encoder, (i.e., in which some swing buffers 
have a higher priority than others). In both cases, an 
additional request will come from a refresh request generator 
which has a higher priority than all the other requests. The 
refresh request is generated from a refresh counter which can 
be programmed via the microprocessor interface. 

Referring now to Figure 24, there is shown a block 
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diagram f a %nritc swing buffer. Th %nrite swing buffer 
int rface includes two blocks of RAM, RAMI 311 and PAM2 312. 
As discussed further herein, data is written into RAMI 311 
and RAM2 312 from the previous stage, under the control of 
the write address 313 and control 314. From RAMI 311 and 
RAM2 312, the data is written into DRAM 515. When writing 
data into DRAM 315, the DRAM row address is provided by the 
address generator, and the column address is provided by the 
write address and control, as described further herein- In 
operation, valid data is presented at the input 316 (data 
in) * Typically, the data is received from the previous 
stage. As each piece of data is accepted by the DRAM 
interface, it is written into RAMI 311 and the write address 
control increments the RAMI address to allow the next piece 
of data to be written into RAMI. Data continues to be 
written into RAMI 311 until either there is no more data, or 
RAMI is full. When RAMI 311 is full, the input side gives up 
control and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes between two 
asynchronous clock regimes and, therefore, passes through 
three synchronizing flip flops. 

Provided RAM2 312 is empty, the next item of data to 
arrive on the input side is written into RAM2 . Otherwise, 
this occurs when RAM2 312 has emptied. When the round robin 
or priority encoder (depending on which is used by the 
particular chip) indicates that it is now the turn of this 
swing buffer to be read, the DRAM interface reads the 
contents of RAMI 311 and writes them to the external DRAM 
315, A signal is then sent back across the asynchronous 
interface, to indicate that RAMI 311 is now ready to be 
filled again. 

If the DRAM interface empties RAMI 311 and "swings" it 
before the input side has filled RAM2 312 , then data can be 
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Temporal Decoder and the Video F matter. The Temporal 
Decoder's addr sslng is m re complex because of its 
predictive aspects as discussed further in this section. The 
video formatter's addressing is more complex because of 
multiple video output standard aspects, as discussed further 
in the sections relating to the video formatter. 

As mentioned previously, the Temporal Decoder has four 
swing buffers: two are used to read and %/rite decoded intra 
and predicted (I and P) picture data. These operate as 
described above. The other two are used to receive 
prediction data. These buffers are more interesting. 

In general, prediction data will be offset from the 
position of the block being processed as specified in the 
motion vectors in x and y. Thus, the block of data to be 
retrieved will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figure 25, where the 
shaded area represents the block that is being formed whereas 
the dotted outline represents the block from which it is 
being predicted. The address generator converts the address 
specified by the motion vectors to a block offset (a whole 
number of blocks) , as shown by the big arrow, and a pixel 
offset, as shown by the little arrow. 

In the address generator, the frame pointer, base block 
address and vector offset are added to form the address of 
the block to be retrieved from the DRAM. If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension then two requests are 
generated, i.e., the original block address and the one 
immediately below. With an offset in both x and y, four 
requests are generated. For each block which is to be 
retrieved, the address generator calculates start and stop 
addresses which is best illustrated by an example. 

Consider a pixel offset of (1,1), as illustrated by the 



132 



shaded area in Figure 26. The address generator nakes four 
reqpiests, labelled A thr ugh D in the Figur . The problem to 
be solved is hov to provide the required sequence of row 
addresses quickly. The solution is to use "start/ stop" 
5 technology, and this is described below. 

Consider block A in Figure 26. Reading must start at 
position (1,1) and end at position (7,7). Assume for the 
moment that one byte is being read at a time (i.e., an 8 bit 
DRAM interface). The x value in the co-ordinate pair forms 
10 the three LSBs of the address, the y value the three MSB. 
y The X and y start values are both 1, providing the address, 

S| 9. Data is read from this address and the x value is 

^ij incremented. The process is repeated until the x value 

fij reaches its stop value, at which point, the y value is 

pi 15 incremented by 1 and the x start value is reloaded, giving an 

j"- address of 17. As each byte of data is read, the x value is 

H: again incremented until it reaches its stop value. The 

process is repeated until both x and y values have reached 
f|| their stop values. Thus, the address sequence of 9 , 10, 11, 

p 20 12, 13, 14, 15, 17..., 23, 25, ...,31, 33 57 63 

™^ is generated. 

In a similar manner, the start and stop co-ordinates for 
block B are: (1,0) and (7,0), for block C: (0,1) and (0,7), 
and for block D: (0,0) and (0,0). 

2 5 The next issue is where this data should be written. 

Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, while the 
data from address 10 should be written to address 1 in the 
swing buffer, and so on. Similarly, the data read from 

3 0 address 8 in block B should be written to address 15 in the 

swing buffer and the data from address 16 should be written 
to address 15 in the swing buffer. This function turns out 
to have a very simple implementation, as outlined below. 

Consider block A. At the start of reading, the swing 
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buffer addr ss r gister is loaded with the inverse of the 
stop value. The y inverse stop value foms the 3 MSBs and 
th X inverse stop value forms the 3 LSB. In this case, 
while the ORAM interface is reading address 9 in the external 
DRAM, the swing buffer address is zero. The swing buffer 
address register is then incremented as the external ORAM 
address register is incremented, as consistent with proper 
prediction addressing. 

The discussion so far has centered on an 8 bit DRAM 
interface. In the case of a 16 or 32 bit interface, a few 
minor modifications must be made. First, the pixel offset 
vector must be "clipped" so that it points to a 16 or 3 2 bit 
boundary. In the example we have been using, for block A, 
the first ORAM read will point to address 0, and data in 
addresses 0 through 3 will be read. Second, the unwanted 
data must be discarded. This is performed by writing all the 
data into the swing buffer (which must now be physically 
larger than was necessary in the 8 bit case) and reading with 
an offset. When performing MPEG half-pel interpolation, 9 
bytes in x and/or y must be read from the DRAM interface. In 
this case, the address generator provides the appropriate 
start and stop addresses. Some additional logic in the DRAM 
interface is used, but there is no fundamental change in the 
way the DRAM interface operates. 

The final point to note about the Temporal Decoder DRAM 
interface of the present invention, is that additional 
information must be provided to the prediction filters to 
indicate what processing is required on the data. This 
consists of the following: 

a "last byte" signal indicating the last byte of a 
transfer (of 64,72 or 81 bytes); 

an H.261 flag; 

a bidirectional prediction flag; 

two bits to indicate the block's dimensions (8 or 9 bytes 
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in X j^nd y) ; and 

a two bir number zo indicate the order of the blocks 

The last byte flag can be generated as the data is r=ad 
out Of the swing buffer. The other signals are derived f:o, 
the address generator and are. pxped through the DRAM 
interface so that they are associated with the correct block 
of data as it is read out of the swing buffer by the 
prediction filter block. 

In the Video Formatter, data is written into the 
external DRAM in blocks, but is read out in raster orde^ 
writing is exactly the same as already described for the 
spatial Decoder, but reading is a little more complex. 

The data in the Video Formatter, external DRAM is 
organized so that at least. 8 blocks of data fit into a single 
page. These 8 blocks are 8 consecutive horizontal blocks" 
When rasterizing, a bytes need to be read out of each of 3 
consecutive blocks and written into the swing buffer (i e 
the same row in each of the 8 blocks) . 

-considering the top row (and assuming a byte-vide 
interface), the x address (the three LSBS) is set to zero as 
IS the y address (3 MSBS) . The x address is then incremented 
as each of the first 8 bytes are read out. At this point 
Che top part of the address (bit 6 and above - LSB = bi' O)' 
IS incremented and the x address (3 LSBS) is reset to zero 
This process is repeated until 64 bytes have been read. With 
a 16 or 32 bit wide interface to the external DRAM the x 
address is merely incremented by two or four, respectively 
instead of by one. 

In the present invention, the address generator can 
signal to the DRAM interface that less than 64 bytes should 
oe read (this may be required at the beginning or end of a 
raster line), although a multiple of 3 bytes is always read. 
This IS achieved by using start and stop values. The star-, 
value IS used for the top part of the address (bit 5 a-.z 
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above) , and th% st p valu is compared with the start value 
to 9 nerate the signal which indicates when reading should 
St p. 

The DRAM interface timing block in the present invention 
5 uses timing chains to place the edges of the DRAM signals to 
a precision of a quarter of the system clock period. Two 
c[uadrature clocks from the phase locked loop are used. These 
are combined to form a notional 2x clock. Any one chain is 
then made from two shift registers in parallel, on opposite 
10 phases of the 2x clock* 
O First of all, there is one chain for the page start 

^1 cycle and another for the read/write/refresh cycles. The 

Nl length of each cycle is programmable via the microprocessor 

=i5 interface, after which the page start chain has a fixed 

ai; 15 length, and the cycle chain's length changes as appropriate 
W during a page start. 

Li, On reset, the chains are cleared and a pulse is created. 

CI The pulse travels along the chains and is directed by the 

Kj state information from the DRAM interface. The pulse 

Q 2 0 generates the DRAM interface clock. Each DRAM interface 
clock period corresponds to one cycle of the DRAM, 
consequently, as the DRAM cycles have different lengths, the 
DRAM interface clock is not at a constant rate. 

Moreover, additional timing chains combine the pulse 
25 from the above chains with the information from the DRAM 
interface to generate the output strobes and enables such as 
notcas , notras , notwe , notbe . 

12. PREDICTION riLTERS 

Referring again to Figures 12, 17, 18, and more 
3 0 particularly to Figure 12, there is shown a block diagram of 
the Temporal Decoder. This includes the prediction filter. 
The relationship between the prediction filter and the rest 
of the elements of the temporal decoder is shown in greater 
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detail in Figure 17. Th ess nee f th structure of the 
prediction filter is sh vn in Figures 18 and 28. A detailed 
description of the operation of the prediction filter can be 
found in the section, **Nore Detailed Description of the 
Invention." 

In general, the prediction filter in accordance with the 
present invention, is used in the KPEG and H.261 modes, but 
not in the JPEG node. Recall that in the JPEG mode, the 
Temporal Decoder just passes the data through to the Video 
Formatter, without performing any substantive decoding beyond 
that accomplished by the Spatial Decoder. Referring again to 
Figure 18, in the MPEG mode the forward and backward 
prediction filters are identical and they filter the 
respective MPEG forward and backward prediction blocks. In 
the H.261 mode, however, only the forward prediction filter 
is used, since H.261 does not use backward prediction. 

Each of the two prediction filters of the present 
invention is substantially the same. Referring again to 
Figures 18 and 28 and more particularly to Figure 28, there 
is shown a block diagram of the structure of a prediction 
filter. Each prediction filter consists of four stages in 
series. Data enters the format stage 331 and is placed in a 
format that can be readily filtered. In the next stage 332 
an I-D prediction is performed on the X-coordinate. After 
the necessary transposition is performed by a dimension 
buffer stage 333, an I-D prediction is performed on the Y- 
coordinate in stage 334. How the stage perform the filtering 
is further described in greater detail subsequently. Which 
filtering operations are required, are defined by the 
compression standard. In the case of H.261, the actual 
filtering performed is similar to that of a low pass filter. 

Referring again to Figure 17, multi-standard 
operation requires that the prediction filters be 
reconf igurable to perform either MPEG or H»26l filtering, or 
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to perf rm n filtering at all in JPEG node. As with many 
ther reconf igurable aspects f the three chip system, the 
pr dicti n filter is reconfigured by means of tokens. Tokens 
are also used to inform the address generator of the 
particular mode of operation • In this way, the address 
generator can supply the prediction filter with the address s 
of the needed data, which varies significantly between MPEG 
and JPEG. 

13. ACCB88ZMO REGISTERS 

Most registers in the microprocessor interface (MPI) can 
only be modified if the stage with which they are 
associated is stopped. Accordingly, groups of registers 
will typically be associated with an access register. The 
value zero in an access register indicates that the group 
of registers associated with that particular access 
register should not be modified. Writing 1 to an access 
register requests that a stage be stopped. The stage may 
not stop immediately, however, so the stages access 
register will hold the value, zero, until it is stopped. 

Any user software associated with the MPI and used to 
perform functions by way of the MPI should wait "after 
writing a 1 to a request access register" until 1 is read 
from the access register. If a user writes a value to a 
configuration register while its access register is set to 
zero, the results are undefined. 

14. MICRO-PROCESSOR INTERFACE 

A standard byte wide micro-processor interface (MPI) is 
used on all circuits with in the Spatial Decoder and 
Temporal Decoder. The MPI operates asynchronously with 
various Spatial and Temporal Decoder clocks. Referring to 
Table A. 6.1 of the subsequent further detailed description, 
there is shown the various MPI signals that 
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are used on this interface* Th character of the signal is 
sho%m n the input/ utput c lusm, the signal name is shown 
on the signal name column and a description of the function 
of the signal is sho%m in the description column. The MPI 
electrical specification are shown with reference to Table 
A. 6.2* All the specifications are classified according to 
type and there types are shown in the column entitled 
symbol. The description of what these symbols represent is 
sho%m in the parameter column. The actual specifications 
are sho%m in the respective columns min, max and units. 

The DC operating conditions can be seen with reference 
to Table A. 6. 3. Here the column headings are the same as 
with reference to Table A. 6. 2. The DC electrical 
characteristics are shown with reference to Table A. 6. 4 and 
carry the same coliimn headings as depicted in Tables A. 6. 2 
and A. 6 . 3 . 

15. KPI READ TIMING 

The AC characteristics of the MPI read timing diagrams 
are shown with reference to Figure 54. Each line of the 
Figure is labelled with a corresponding signal name and the 
timing is given in nano-seconds . The full microprocessor 
interface read timing characteristics are shown with 
reference to Table A. 6. 5. The column entitled Number is 
used to indicate the signal corresponding to the name of 
that signal as set forth in the characteristic column. The 
columns identified by MIN and MAX provide the minimum 
length of time that the signal is present the maximum 
amount of time that this signal is available. The Units 
column gives the units of measurement used to describe the 
signals . 

16. MPI WRITE TIMING 

The general description of the MPI write timing diagrams 
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ar sh %m with reference t Figure 54. This Figure shows 
each individual signal name as associated with th KPI 
write timing. The name, the characteristic of the signal, 
and other various physical characteristics are shown with 
reference to Table 6.6. 

17. UYHOLB ADDRESS LOCATZOH8 

In the present invention, certain less frequently 
accessed memory map locations have been placed behind 

keyhole registers. A keyhole register has two registers 
associated with it. The first register is a keyhole 
address register and the second register is a keyhole data 
register. The keyhole address specifies a location within 
a extended address space. A read or a %n:ite operation to a 
keyhole data register accesses the locations specified by 
the keyhole address register. After accessing a keyhole 
data register, the associated keyhole address register 
incremeiits. Random access within the extended address 
space is only possible by writing in a new value to the 
keyhole address register for each access. A circuit within 
the present invention may have more than one keyhole memory 
maps. Nonetheless, there is no interaction between the 
different keyholes . 

10. PICTURE-END 

Referring again to Figure 11, there is shown a 
general block diagram of the Spatial Decoder used in the 
present invention. It is through the use of this block 
diagram that the function of P1CTURE_END will be described. 
The PICTURE_END function has the multi-standard advantage 
of being able to handle H.261 encoded picture information, 
MPEG and JPEG signals. 

As previously described, the system of Figure 11 
is interconnected by the two wire interface previously 
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described. Each of the functional bl cks is arranged to 
operate acc rding t the state machine c nfigurati n sh vm 
with reference to Figure 10 • 

In general, the PICTURE_END function in accordance with 
the invention begins at the Start Code Detector which 
generates a PICTURE_END control token. The PICTURE_END 
control token is passed unaltered through the start-up 
control circuit to the DRAM interface. Here it is used to 
flush out the %nrite swing buffers in. the DRAM interface. 
Recall, that the contents of a swing buffer are only 
written to RAM when the buffer is full. However, a picture 
may end at a point where the buffer is not full, therefore, 
causing the picture data to become stuck. The PICTURE_END 
token forces the data out of the swing buffer. 

Since the present invention is a multi-standard machine, 
the machine operates differently for each compression 
standard. More particularly, the machine is fully 
described as operating pursuant to machine-dependent action 
cycles. For each compression standard, a certain number of 
the total available action cycles can be selected by a 
combination of control tokens and/or output signals from 
the MPU or they can be selected by the design of the 
control tokens themselves. In this regard, the present 
invention is organized so as to delay the information from 
going into subsequent blocks until all of the information 
has been collected in an upstream block. The system waits 
until the data has been prepared for passing to the next 
stage. In this way, the PICTURE_END signal is applied to 
the coded data buffer, and the control portion of the 
PICTURE_END signal causes the contents of the data buffers 
to be read and applied to the Huffman decoder and video 
demultiplexer circuit . 

Another advantage of the PICTURE_END control token is 
to identify, for the use by the Huffman decoder 
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demultiplexer, the end of picture even though it has not 
had the typically expected full range and/or number of 
signals applied to the Huffman decoder and video 
demultiplexer circuit. In this situation, the information 
held in the coded data buffer is applied to the Huffman 
decoder and video demultiplexor as a total picture. m 
this way, the state machine of the Huffman decoder and 
video demultiplexer can still handle the data according 
system design. 

Another advantage of the PICTURE_END control token is 
Its ability to completely empty the coded data buffer so 
that no stray information will inadvertently remain in the 
off chip DRAM or in the swing buffers. 

Yet another advantage of the PICTURE_END function is 
Its use in error recovery. For example, assume the amount 
Of data being held in the coded data buffer is less than is 
typically used for describing the spatial information w.th 
reference to a single picture. Accordingly, the last 
Picture Will be held in the data buffer until a full swing 
buffer, but, by definition, the buffer will never fill At 
seme point, the machine will determine that an error 
condition exits. Hence, to the extent that a PICTURE END 
token is decoded and forces the data in the coded dati 
buffers to be applied to the Huffman decoder and video 
demultiplexer, the final picture can be decoded and the 
information emptied from the buffers. Consequently, the 
machine will net go into error recovery mode and will 
successfully continue to process the coded data. 

A still further advantage of the use of a PICTURE END 
token is that the serial pipeline processor will contii^ue 
the processing of uninterrupted data. Through the use of a 
.-ICTURE_END token, the serial pipeline processor is 
configured to handle less than the expected amount of data 
and, therefore, continues processing. Typically, a prior 
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art nachine v uld stop itself because of an error 
c nditi n. As previ usly described, the coded data buffer 
counts macroblocks as they come into its storage area. in 
addition, the Huffman Decoder and Video Demultiplexer 
generally know the amount of information expected for 
decoding each picture, i.e., the state machine portion of 
the Huffman decode and Video Demultiplexer know the number 
of blocks that it will process during each picture recovery 
cycle. When the correct number of blocks do not arrive 
from the coded data buffer, typically an error recovery 
routine would result. However, with the PICTURE_END 
control token having reconfigured the Huffman Decoder and 
Video Demultiplexer, it can continue to function because 
the reconfiguration tells the Huffman Decoder and Video 
Demultiplexer that it is, indeed, handling the proper 
amount of information. 

Referring again to Figure 10, the Token Decoder 
portion of the Buffer Manager detects the PICTURE_END 
control token generated by the Start Code Detector. Under 
normal operations, the buffer registers fill up and are 
emptied, as previously described with reference to the 
normal operation of the swing buffers. Again, a swing 
buffer which is partially full of data will not empty until 
it is totally filled and/or it knows that it is time to 
empty. The PICTURE_END control token is decoded in the 
Token Decoder portion of the Buffer Manager, and it forces 
the partially full swing buffer to empty itself into the 
coded data buffer. This is ultimately passed to the 
Huffman Decoder and Video Demultiplexer either directly or 
through the DRAM interface. 

19. FLUSHIKG OPERATION 

Another advantage of the PICTURE_END control token is 
its function in connection with a FLUSH token. The FLUSH 
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token is not associated with either controlling the 
reconf igurati n of th stat machine r in pr viding data 
for the system. Rather, it completes prior partial signals 
for handling by the machine-dependent state machines. Each 
of the state machines recognizes a FLUSH control token as 
information not to be processed. Accordingly, the FLUSH 
token is used to fill up all of the remaining empty parts 
of the coded data buffers and to allow a full set of 
information to be sent to the Huffman Decoder and Video 
Demultiplexer. In this way, the FLUSH token is like 
padding for buffers. 

The Token Decoder in the Huffman circuit recognizes 
the FLUSH token and ignores the pseudo data that the FLUSH 
token has forced into it. The Huffman Decoder then operates 
only on the data contents of the last picture buffer as it 
existed prior to the arrival of the PICTURE_END token and 
FLUSH token. A further advantage of the use of the 
PICTU^_END token alone or in combination with a FLUSH 
token is the reconfiguration and/or reorganization of the 
Huffman Decoder circuit. With the arrival of the 
PICTURE_END token, the Huffman Decoder circuit knows that 
it will have less information than normally expected to 
decode the last picture. The Huffman decode circuit 
finishes processing the information contained in the last 
picture, and outputs this information through the DRAM 
interface into the Inverse Modeller. Upon the 
identification of the last picture, the Huffman Decoder 
goes into its cleanup mode and readjusts for the arrival of 
the next picture information. 
20 • FLUSH FUMCTIOH 

The FLUSH token, in accordance with the present 
invention, is used to pass through the entire pipeline 
processor and to ensure that the buffers are emptied and 
that other circuits are reconfigured to await the arrival 



144 



f new data« More specifically, present invent i n 

comprises a combinati n of a PICTUR£_EHD t ken, a padding 
word and a FLUSH token indicating to the serial pipeline 
processor that the picture processing for the current 
picture form is completed • Thereafter, the various state 
machines need reconfiguring to await the arrival of new 
data for new handling* Note also that the FLUSH Token acts 
as a special reset for the system. The FLUSH token resets 
each stage as it passes through, but allows subsequent 
stages to continue processing. This prevents a loss of 
data. In other words, the FLUSH token is a variable reset, 
as opposed to, an absolute reset. 

21. STOP-XTTER PICTURE 

The STOP_AFTER_PICTURE function is employed to shut 
down the processing of the serial pipeline decompressing 
circuit at a logical point in its operation. At this 
point, <a PICTURE_END token is generated indicating that 
data is finished coming in from the data input line, and 
the padding operation has been completed. The padding 
function fills partially empty DATA tokens. A FLUSH token 
is then generated which passes through the serial pipeline 
system and pushes all the information out of the registers 
and forces the registers back into their neutral stand-by 
condition. The STOP_AFTER_PICTURE event is then generated 
and no more input is accepted until either the user or the 
system clears this state. In other words, while a 
PICTURE_END token signals the end of a picture, the 
STOP_AFTER_PICTURE operation signals the end of all current 
processing. 

22. MULTI -STANDARD - SEARCH MODE 

Another feature of the present invention is the use of 
a SEARCH_MODE control token which is used to reconfigure 
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thm input to the serial pipeline pr ceseor to look at the 
inc ming bit stream. When the search node is set, the 
Start Code Detector searches only for a specific start code 
or marker used in any one of the compression standards. It 
will be appreciated, however, that, other images from other 
data bitstreams can be used for this purpose* Accordingly, 
these images can be used throughout this present invention 
to change it to another embodiment which is capable of 
using the combination of control tokens, and DATA tokens 
along with the reconfiguration circuits, to provide similar 
processing. 

The use of search mode in the present invention is 
convenient in many situations including 1) if a break in 
the data bit stream occurs; 2) when the user breaks the 
data bit stream by purposely changing channels, e.g., data 
arriving, by a cable carrying compressed digital video; or 
3) by user activation of fast forward or reverse from a 
controllable data source such as an optical disc or video 
disc. In general, a search mode is convenient when the 
user interrupts the normal processing of the serial 
pipeline at a point where the machine does not expect such 
an interruption. 

When any of the search modes are set, the Start Code 
Detector looks for incoming start images which are suitable 
for creating the machine independent tokens. All data 
coming into the Start Code Detector prior to the 
identification of standard-dependent start images is 
discarded as meaningless and the machine stands in an 
idling condition as it waits this information. 

The Start Code Detector can assume any one of a number 
of configurations. For example, one of these 
configurations allows a search for a group of pictures or 
higher start codes. This pattern causes the Start Code 
Detector to discard all its input and look for the 
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gr up_start standard image. When such an imag is 
identified, the Start Code Detector g nerates a GROUP_START 
token and the search mode is reset automatically. 

It is important to note that a single circuit, the 
Huffman Decoder and Video Demultiplex circuit, is operating 
with a combination of input signals including the standard- 
independent set-up signals, as veil as, the CODIHG_STANDARD 
signals. The COD INGEST AND ARB signals are conveying 
information directly from the incoming bit stream as 
required by the Huffman Decoder and Video Demultiplex 
circuit. Nevertheless, while the functioning of the 
Huffman Decoder and Video Demultiplex circuit is under the 
operation of the standard independent sequence of signals. 

This mode of operation has been selected because it 
is the most efficient and could have been designed wherein 
special control tokens are employed for conveying the 
standard-dependent input to the Huffman Decoder and Video 
Demultiplexer instead of conveying the actual signals 
themselves. 

23. INVERSE MODELLER 

Inverse modeling is a feature of all three standards, 
and is the same for all three standards. In general, DATA 
tokens in the token buffer contain information about the 
values of the quantized coefficients, and about the number 
of zeros between the coefficients that are represented (a 
form of run length coding) . The Inverse Modeller of the 
present invention has been adapted for use with tokens and 
simply expands the information about runs of zeros so that 
each DATA Token contains the requisite 64 values. 
Thereafter, the values in the DATA Tokens are quantized 
coefficients which can be used by the Inverse Quantizer, 

24. INVERSE QUANTIZER 
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The Inv rse Quantizer of the present invent! n is a 
required element in the decoding sequence, but has been 
implemented in such away to allow the entire IC set to 
handle multi*standard data. In addition, the Inverse 
Quantizer has been adapted for use with tokens. The 
Inverse Quantizer lies between the Inverse modeller and 
inverse DCT (IDCT) . 

For example, in the present invention, an adder in the 
Inverse Quantizer is used to add a constant to the pel 
decode number before the data moves on to the IDCT. 

The IDCT uses the pel decode number, which will vary 
according to each standard used to encode the information. 
In order for the information to be properly decoded, a 
value of 1024 is added to the decode number by the Inverse 
Quantizer before the data continues on to the IDCT. 

Using adders, already present in the Inverse 
Quantizer, to standardize the data prior to it reaching the 
IDCT, eliminates the need for additional circuitry or 
software in the IC, for handling data compressed by the 
various standards. Other operations allowing for multi- 
standard operation are performed during a "post 
quantization function** and are discussed below. 

The control tokens accompanying the data are decoded 
and the various standardization routines that need to be 
performed by the Inverse Quantizer are identified in detail 
below. These "post quantization" functions are all 
implemented to avoid duplicate circuitry and to allow the 
IC to handle multi-standard encoded data. 

25. HUFFKAK DECODER AND PAR8ER 

Referring again to Figures 11 and 27, the Spatial 
Decoder includes a Huffman Decoder for decoding the data 
that the various compression standards have Huffman- 
encoded. While each of the standards, JPEG, MPEG and 
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H.261, require cer'tain data to be Huffman encoded, the 
Huffman decoding required by each standard differs in some 
significant ways. In the Spatial Decoder of the present 
invention, rather than design and fabricate three separate 
Huffman decoders, one for each standard, the present 
invention saves valuable die space by identifying common 
aspects of each Huffman Decoder, and fabricating these 
common aspects only once. Moreover, a clever multi-part 
algorithm is used that makes common more aspects of each 
Huffman Decoder common to the other standards as well than 
would otherwise be the case. 

In brief, the Huffman Decoder 321 works in 
conjunction with the other units sho%m in Figure 21. These 
other units are the Parser State Machine 322, the inshifter 
323, the Index to Data unit 324, the ALU 325, and the Token 
Formatter 3 26. As described previously, connection between 
these blocks is governed by a two wire interface. A more 
detailed description of how these units function is 
subsequently described herein in greater detail, the focus 
here is on particular aspects of the Huffman Decoder, in 
accordance with the present invention, that support multi- 
standard operation . 

The Parser State Machine of the present invention, is a 
programmable state machine that acts to coordinate the 
operation of the other blocks of the Video Parser. In 
response to data, the Parser State Machine controls the 
other system blocks by generating a control word which is 
passed to the other blocks, side by side with the data, 
upon which this control word acts. Passing the control 
word alongside the associated data is not only useful, it 
is essential, since these blocks are connected via a two- 
wire interface. In this way, both data and control arrive 
at the same time. The passing of the control word is 
indicated in Figure 27 by a control line 327 that runs 
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beneath the data lin 328 that c nnects the blocks. Among 
other things, this code w rd identifies the particular 
standard that is being decoded. 

The Huffman decoder 321 also performs certain control 
functions. In particular, the Huffman Decoder 321 contains 
a state machine that can control certain functions of the 
Index to Data 324 and ALU 325. Control of these units by 
the Huffman Decoder is necessary for proper decoding of 
block-level information. Having the Parser State Machine 
3 22 make these decisions would take too much time. 

An important aspect of the Huffman Decoder of the 
present invention, is the ability to invert the coded data 
bits as they are read into the Huffman Decoder. This is 
needed to decode H.261 style Huffman codes, since the 
particular type of Huffman code used by H.261 (and 
substantially by MPEG) has the opposite polarity then the 
codes used by JPEG. The use of an inverter, thereby, 
allows substantially the same table to be used by the 
Huffman Decoder for all three standards. Other aspects of 
how the Huffman Decoder implements all three standards are 
discussed in further detail in the "More Detailed 
Description of the Invention" section. 

The Index to Data unit 324 performs the second part of 
the multi-part algorithm. This unit contains a look up 
table that provides the actual Huffman decoded data. 
Entries in the table are organized based on the index 
numbers generated by the Huffman Decoder. 

The ALU 325 implements the remaining parts of the 
multi-part algorithm. In particular, the ALU handles sign- 
extension. The ALU also includes a register file which 
holds vector predictions and DC predictions, the use of 
which is described in the sections related to prediction 
filters. The ALU, further, includes counters that count 
through the structure of the picture being decoded by the 
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Spatial D coder. In particular, the dimensions of the 
pictiir are progranuned int r gisters associated with the 
counters, which facilitates detection of "start of 
picture," and start of nacroblock codes. 

In accordance with the present invention, the Token 
Formatter 326 (TF) assembles decoded data into DATA tokens 
that are then passed onto the remaining stages or blocks in 
the Spatial Decoder. 

In the present invention, the in shifter 323 receives 
data from a FIFO that buffers the data passing through the 
Start Code Detector. The data received by the inshifter is 
generally of two types: DATA tokens, and start codes which 
the Start Code Detector has replaced with their respective 
tokens, as discussed further in the token section. Note 
that most of the data will be DATA tokens that require 
decoding. 

The In shifter 323 serially passes data to the Huffman 
Decoder 321. On the other hand, it passes control tokens 
in parallel. In the Huffman decoder, the Huffman encoded 
data is decoded in accordance with the first part of the 
multi-part algorithm. In particular, the particular 
Huffman code is identified, and then replaced with an index 
number . 

The Huffman Decoder 321 also identifies certain data 
that requires special handling by the other blocks shown in 
Figure 27. This data includes end of block and escape. In 
the present invention, time is saved by detecting these in 
the Huffman Decoder 321, rather than in the Index to Data 
unit 324. 

This index number is then passed to the Index to Data 
unit 324, In essence, the Index to Data unit is a look-up 
table. In accordance with one aspect of the algorithm, the 
look-up table is little more than the Huffman code table 
specified by JPEG. Generally, it is in the condensed data 
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format that JPEG specifies for transferring an alternate 
JPEG table. 

From the Index to Data unit 324, the decoded index 
number or other data is passed, together with the 
accompanying control word, to the ALU 325, which performs 
the operations previously described. 

From the ALU 325, the data and control word is passed 
to the Token Formatter 326 (TF) • In the Token Formatter, 
the data is combined as needed with the control word to 
form tokens* The tokens are then conveyed to the next 
stages of the Spatial Decoder. Note that at this point, 
there are as many tokens as will be used by the system. 

2€. IMVERSB DISCRETE COSINE TRXMSFORM 

The Inverse Discrete Cosine Transform (IDCT) , in 
accordance with the present invention, decompresses data 
related to the frequency of the DC component of the 
picture. When a particular picture is being compressed, 
the frequency of the light in the picture is quantized, 
reducing the overall amount of information needed to be 
stored* The IDCT takes this quantized data and 
decompresses it back into frequency information* 

The IDCT operates on a portion of the picture which is 
8x8 pixels in size. The math which performed on this data 
is largely governed by the particular standard used to 
encode the data. However, in the present invention, 
significant use is made of common mathematical functions 
between the standards to avoid unnecessary duplication of 
circuitry. 

Using a particular scaling order, the symmetry between 
the upper and lower portions of the algorithms is 
increased, thus common mathematical functions can be reused 
which eliminates the need for additional circuitry. 
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Thi.Ij,CT responds zo . number ot »ulti-e«ndard tc.ene 
The f.rst portion of tne ZDCT checKs che entering date "V 
ensure that the h^ta ^, .. ejring aata to 



ensure tnat t.. to.ens ere o. tn. co^^e ^ .r "r 

processing. m feet, t«. toK.n stree. oen be corr-c L 
sooe Situations it the error is not too large. 
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27. BUFFER MAKAGER 

The Buffer Manager of the present invention, receives 
incoming video information and supplies the address 
generators with information on the timing of the datas 
arrival, display and frame rate. Multiple buffers are used 
to allow Changes in both the presentation and display 
rates. Presentation and display rates will typically vary 
in accordance with the data that was encoded and the 
monitor on which the information is being displayed. Data 
arrival rates will generally vary according to errors in 
encoding, decoding or the source material used to c^ea^. 
the data. When information arrives at the Buffer Manager 
It IS decompressed. However, the data is in an order tha'^ 
IS useful for the decompression circuits, but not for the' 
particular display unit being used. When a bloc, of data 
enters the Buffer Manager, the Buffer Manager supplies 
information to the address generator so that, the blocK of 
data can be placed in the order that the display device can 
use. in doing this, the Buffer Manager taKes into account 
data r'/"' "ecessary to adjust the inconing 

data blocks so they are presentable on the particular 
display device being used. 

in the present invention, the Buffer Mnager pri.n,arily 
supplies information to the address generators, 
nevertheless, it is also required to interface with othe^ 
elements of the system. For example, there is an interface 
^•ith an .nput FIFO which transfers tokens to the Buffer 
Manager which, in turn, passes these tokens on to the .r.-= 



addre^ generators. 

addr«s'""" in«rt=c« .i.. .n. display 

P ay devie. is ready to display new data. The Buffer 
have Cleared information fro™ a buffer for display. 

cf Itn " °' '<«P= "3c. 

use 'or i a particular buffer is .„pty. full, ready for 

nuLr a " """^ " Presentation 

number associated vith the particular data in each buffer 

the status Of each buffer and its readiness to accept n.„ 

^eta. For example, the PICTURE_START token causes the 

Buffer Manager to cv=i. i-i,— .. ^-""•es the 

.hi..>, 9 r to cycle through each buffer to find one 

-hich IS capable of accepting the new data 

rultTstl'd";"''" " ""'i9ur.d to handle the 

rece :es : ^"e tokens it 

:::p::d"dur:n" :rs\t;- ^tc:-" ■ ^-.^ 

Bu-f^. M„ ^spiay. If such a token arrives at the 

:::'::.::r:n\:::h-t"is"s::r:::-- --^ - — 

Thus, by managing the buffers h»^= 
displayed according to the =o effectively 
encode the data, the rate at ! """""" " 

the. particular ;ype of d's ■ ' decoded and 

type of display device being used. 
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The foreg ing descripti n is believed 
adequately describe the overall concepts, system 
implementation and operation of the various aspects of the 
invention in sufficient detail to enable one of ordinary 
skill in the art to make and practice the invention with 
all of its attendant features, objects and advantages. 
However, in order to facilitate a further, more detailed in 
depth understanding of the invention, and additional 
details in connection with even more specific, commercial 
implementation of various embodiments of the invention, the 
following further description and explanation is prof erred. 
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This is a mor detailed description for a multi*standard 
video decoder chip*set. It is divided into three main 
sections: A, B and C. 

Again, for purposes of organization r clarity and 
convenience of explanation, this additional disclosure is 
set forth in the following sections. 

- Description of features common to chips in the 

chip-set: 
' Tokens 

* Two wire interfaces 

* DRAM interface 

* Microprocessor interface 
■ Clocks 

' Description of the Spatial Decoder chip 

* Description of the Temporal Decoder chip 
SECTION A.1 

The first description section covers the majority of 
the electrical design issues associated with using the 
chip-set. 

A. 1.1 Typographic conventions 

A small set of typographic conventions is used to 
emphasize some classes of information: 
KAME8_OP_TOKSK8 
wire_name active high signal 
wire_name active low signal 
register^name 



SECTION A.2 Video Decoder Family 

30 MHz operation 
Decodes MPEG, JPEG & H.261 
Coded data rates to 25 Mb/s 
Video data rates to 21 MB/s 

MPEG resolutions up to 704 x 480, 30 Hz, 4:2:0 
Flexible chroma sampling formats 
Full JPEG baseline decoding 
Glue-less page mode DRAM interface 
208 pin PQFP package 

Independent coded data and decoder clocks 
Re-orders MPEG picture sequence 
The Video decoder family provides a low chip count 
solution for implementing high resolution digital video 
decoders. The chip-set is currently configurable to 
support three different video and picture coding systems: 
JPEG, MPEG and H.261. 

Full JPEG baseline picture decoding is supported. 
-20 X 4S0, 30 Hz, 4:2:2 JPEG encoded video can be decoded 
in real-time. 

CIF (Common Interchange Format) and QCIF H.261 video can 
be decoded. Full feature MPEG video with formats up to 740 
X 430, 30 Hz, 4:2:0 can be decoded. 

Note: The above values are merely illustrative, by way 
of example and not necessarily by way of limitation, of one 
embodiment of the present invention. Accordingly, it will 
be appreciated that other values and/or ranges may be used. 

A.2.1 System configurations 
A. 2. 1.1 Output formatting 

In each of the examples given below, some form of output 
forr.atter will be required to take the data presented at 
the output of t.ie Spatial Decoder or Temporal Decoder and 
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10 



15 



20 



25 



30 



re-fortna« it for a computer or diSfSlay system. The details 
of this formatting will vary between applications. m a 
simple case, all that is required is an address generator 
to take the block formatted data output by the decoder chip 
and write it into memory in a raster order. 

The Image Formatter is a single chip VLSI device 
providing a wide range of output formatting functions. 
A. 2. 1.2 JPEG still picture decoding 

A single Spatial Decoder, with no-off-chip DRAM, can 
rapidly decode baseline JPEG images. The Spatial Decoder 
will support all features of baseline JPEG. However, the 
image size that can be decoded may be limited by the size 
of the output buffer provided by the user. The 
characteristics of the output formatter may limit the 
chroma sampling formats and color spaces that can be 
supported . 

A. 2. 1.3 JPEG video decoding 

Adding off-Chip DRAMS to the Spatial Decoder allows it 
to decode JPEG encoded video pictures in real-time. The 
size and speed of the required buffers will depend on the 
video and coded data rates. The Temporal Decoder is not 
required to decode JPEG encoded video. However, if a 
Temporal Decoder is present in a multi-standard decoder 
Chip-set, it will merely pass the data through the Temporal 
Decoder without alteration or modification when the system 
IS configured for JPEG operation. 
A. 2. 1.4 H.261 decoding 

The Spatial Decoder and the Temporal Decoder are both 
required to implement an H.261 video decoder. The DRAM 
interfaces on both devices are configurable to allow the 
quantity of DRAM required for proper operation to be 
reduced when working with small picture formats and at low 
coded data rates. Typically, a single 4Mb (e.g. 512k x 3) 
DRAM Will be required by each of the Spatial Decoder and 
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the Temporal Decoder. 
A.2,1.5 MPEG decoding 

The configuration required 
same as for H.261. However, 
of ordinary skill in the art, 
required to support the large 
with MPEG. 



for MPEG operation is the 
as will be appreciated by o 

larger DRAM buffers may be 
r picture formats possible 
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SECTION A,3 Tokens 
Tok n f rmat 

In accordance with the present invention, tokens provide 
an extensible format for communicating information through 
the decoder chip-set* While in the present invention, each 
word of a Token is a minimum of 8 bits vide, one of 
ordinary skill in the art will appreciate that tokens can 
be of any width • Furthermore, a single Token can be spread 
over one or more words; this is accomplished using an 
extension bit in each word. The formats for the tokens are 
summarized in Table A. 3.1. 

The extension bit indicates whether a Token continues 
into another word. It is set to 1 in all words of a Token 
except the last one. If the first word of a Token has an 
extension bit of 0, this indicates that the Token is only 
one word long* 

Each Token is identified by an Address Field that starts 
in bit 7 of the first word of the Token. The Address Field 
is of variable length and can potentially extend over 
multiple words (in the current chips no address is more 
than 8 bits long, however, one of ordinary skill in the art 
will again appreciate that addresses can be of any length) . 

Some interfaces transfer more than 8 bits of data. For 
example, the output of the Spatial Decoder is 9 bits wide 
(10 bits including the extension bit) . The only Token that 
takes advantage of these extra bits is the DATA Token, The 
DATA Token can have as many bits as are necessary for 
carrying out processing at a particular place in the 
system. All other Tokens ignore the extra bits. 
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A.3.2 -Thte DATA Token 

The DATA ToKen carries daca fro. one processing stag, .o 
the next. Consequently, the characteristics of this Token 
Change as xt passes through the decoder. Furthermore, the 
meaning of the data carried by the DATA Token varies 
depending on where the DATA Token is within the system, 
i.e., the data is position dependent. m this regard the 
data may be either frequency don..ain or Pel domain data 
depending on where the DATA Token is within the Spatial 
Decoder. For example, at the input of the Spatial Decoder 
DATA Tokens carry bit serial coded video data packed into 3 
bit words. At this point, there is no limit to the length 
Of each Token. in contrast, however, at the output of the 
Spatial Decoder each DATA Token carries exactly 64 words 
and each word is 9 bits wide. 
A. 3. 3 Using Token formatted data 

In some applications, it may be necessary for the 
circuitry that connect directly to the input or output of 
the Decoder or chip set. In most cases it will be 
sufficient to collect DATA Tokens and to detect a few 
Tokens that provide synchronization information (such as 
PICTURE.START,. In this regard, see subsequent sections 
A. 16, -connecting to the output of Spatial Decoder" and 
A. 19, "Connecting to the output of the Temporal Decoder" 

AS discussed above, it is sufficient to observe activity 
on the extension bit to identify when each new Token 
starts. Again, the extension bit signals the last word of 
the current token. m addition, the Address field can be 
tested to identify the Token Uni^'=,rx^^^ 

^ J' « io^:en. Unwanted or unrecognized 

.o.:ens can be consumed (and discarded) without knowledge of 
their content. However, a recognized token causes an 

appropriate action-to occur. 
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Furth^more. the data input to the Spatial Decoder can 
either be supplied as bytes of coded data, or in DATA 
Tokens (see Section A. 10, "Coded data input"). Supplying 
Tokens via the coded data port or via the microprocessor 
interface allows many of the features of the decoder chip 
set to be configured from the data stream. This provides 
an alternative to doing the configuration via the micro 
processor interface. 
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Table A.3.1 Summary of Tokens 
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Table A. 3.1 Summary of Tokens (contd) 
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X.3.4 DMcripti n f T Xmnm 

This section dociuBents the Tokens which are implemented 
in the Spatial Decoder and the Temporal Decoder chips in 
accordance with the present invention; see Table A. 3. 2. 

Note : 

• ••r" signifies bits that are currently reserved and carry 
the value 0 

.unless indicated all integers are unsigned 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


1 


1 


1 


0 


1 


1 


0 


0 


BIT^RATE test info only 

Carries the MPEG bit rate parameter P. Generated by the 
Huffnnan decoder when decoding an MPEG bitstream. 

b - an 18 bit integer as defined by MPEG. 


1 


r 


r 


r 


r 


r 


r 


b 


b 


1 


b 


b 


b 


b 


b 


b 


b 


b 


0 


b 


b 


b 


b 


b 


b 


b 


b 


1 


1 


1 


1 


1 


0 


1 


0 


0 


BROKEN_CLOSED 
Carries two MPEG flag bits: 
c - closed_gap 
b - brokenjink 


0 


r 


r 


r 


r 


r 


r 


c 


b 


1 


0 


0 


0 


1 


0 


1 


0 


1 


CODING_STANDARD 




s 


s 


s 


s 


s 


s 


s 


s 


s - an 8 bit integer indicating the current coding standard. 
The values currently assigned are: 
0- H.261 

1 - JPEG 

2 - MPEG 


1 


1 


1 


0 


0 


0 


0 


c 


c 


COMPONENT_NAME 

Communicates the relationship between a component ID and 
the component name. See also... 

c - 2 bit component ID 

n - 8 bit component "name" 


0 


n 


n 


n 


n 


n 


n 


n 


n 


1 


1 


1 


1 


1 


0 


1 


0 


1 


CONSTRAINED 

c - carries the constrained_parameters_fIag decoded from an 
MPEG bitstream. 


0 


r 


r 


r 


r 


r 


r 


r 


c 



Table A.3.2 Tokens Implemented In the Spatial 
Decoder and Temporal D coder (Sh et1of9) 
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2 


1 
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Description 


1 


0 


0 


0 


0 


0 


1 


c 


c 


DAT/^. 


1 


d 


d 


d 


d 


d 


d 


d 


d 


Carries data through the decoder chip-set. 




c - a 2 bit integer component ID (see A.3.5.1). This field is not 
d4fined for Tokens that carry coded data (rather than pixel 
information). 


0 


d 


d 


d 


d 


d 


d 


d 


d 


1 


1 


1 


1 


1 


0 


1 


V 


1 


DEFINE_MAX_SAMPLING 


1 


r 


r 


r 


r 


r 


r 


h/ 

/ 


h 


Max. Horizontal and Vertical sampling numbers. These 
describe the maximum number of blocks horizontally/vertically 
in any component of a macroblock. See A.3.5.2 

h - 2 bit horizontal sampling number 

V - 2 bit vertical sampling number 


0 


r 


r 


r 


r 


r 

/ 


r 

/ 


/ 


V 


1 


1 


1 


0 


0 


/ 


1 


c 


c 


DEFINE_SAMPLING 


1 


r 


r 


r 


/ 




r 


h 


h 


Horizontal and Vertical sampling numbers for a particular 
colour 


0 


r 


r 

/ 


r 

/ 


/ 


r 


r 


V 


V 


component. See A.3.5.2 

c - 2 bit component ID. 

h - 2 bit horizontal sampling number 

V - 2 bit vertical sampling nunriber. 


0 

/ 


0 

/ 




0 


1 


1 


1 


0 


0 


DHT_MARKER 

This Token informs the Video Demux that the DATA Token 
that follows contains the specification of a Huffman table 
described using the JPEG "define Huffman table segment" 
syntax. This Token is only valid when the coding standard is 
configured as JPEG. This Token is generated by the start 
code detector during JPEG decoding when a DHT marker has 
been encountered in the data stream. 



Table A.3.2 Tokens implem nted in the Spatial 
Decoder and Temporal Decoder (Sheet 2 of 9) 
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1 


0 


Description 


0 


0 


0 


0 


1 


1 


1 


1 


0 

\ 


DNL_MARKER 

This Token informs the Video Demux that the DATA Token that 
follows contains the JPEG parameter NL which specifies the 
number of lines in a frame. 

This Token is generated by the start code detector during 
JPEG decoding when a DNL marker has been encountered in 
the data stream. 


0 


0 


0 


0 


1 


1 


1 


0 


1 


DQT_MARKER 

This Token informs the Video Demux that the DATA Token that 
follows contains the specification of a quantisation table 

syntax. This Token is only valid when the coding standard is 
configured as JPEG. The Video Demux generates a 
QUANT_TABLE Token containing the new quantisation table 
information. 

This Token is generated by the start code detector during 
JPEG decoding when a DQT marker has been encountered in 
the data stream. 


0 


0 


0 


0 


1 


1 


1 


1 


1 


DRLMARKER 

1 1119 1 uKcn inioiiTis iDc viucu ucmux iriai inc l/m i m i OKcn inax 
follows contains the JPEG parameter Ri which specifies the 
number of minimum coding units between restart markers. 

This Token is generated by the start code detector during 
JPEG decoding when a DRI marker has been encountered in 
the data stream 



Table A.3.2 Tokens implemented In the Spatial Decoder 
and Temporal Decoder (Sheet 3 of 9) 
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Oescriotion 
EXTENSiON.DATA jP£g 

This Token informs '^e v^eeo Oemui mat :ne DATA To»cen :r.at 
'ouows contains i*t«nsion data. Se« A. n .3. -Conver^on cf s:a.-( 
codes to Tokans-. and A. M.e, 'Recen^n^ user ano 

Ettansion data*. 

Ounng JPSG oocrauon me 6 bit field V carries tr.e JP=G mariner 
vahje. This allows tne class of e xtension cata to oe -dentrfied, 
EXTENSION.OATA mpec 

This Token mforms the Video Oemui that the DATA Token c-^at 
»o*tews contains eitension daia. See A. 11 .3. -Convers.on 0/ san 
codes to Tokens-. and A. t4.6. -Recerv^ng user and 

Extension data*. 
FIELD.INFO 

Games information about tfie picture following 10 aid iu display. 
This *uncbon is not signalled by any exisirng codmg standard. 

t • if the picture is an interlaced frame mis o<t »nc.cates if -.-le t:^..' 
ftefd is first (1.0) or second. 

P . if pictures are fields tn,s indicates if the ne« D.caire is ucoer 
(p-0) or lower in 9\9 frame. 

f - a 3 bit number indicating position of the Held ?i tne 6 fie'o pal 
seouvnce. 



0 j 0 



0; 1 



. 0 



0 i 0 ! 0 



FLUSH " • ■ 

used to indicate the end 0/ a^e current coded data and to ?usn r^e 
end of me data stream inrougn tne decoder. 



1 1 0 ; 0 i 0 • 1 



GflOUP.START 

Generated wnen me group of picnjres sur coce is founo wren 
decoding MPEG or the frame marker ts louno wnen decsdtr.g 



JPEG. 



Table A.3.2 Tokens implemented in the Spatial D 



coder and Temporal Decoder (Sheet 



w 




HORI20NTAL_MBS 




in/orm, *nv,« ou.„,^, ouani.sauon ,o use cn 
tfte speeiried colour comeonenL 
C • 2 bit component 10 (s«« A.3.S. i 




0 1 



i I 



Configur.. wf«c^ OC co.fficen, Ho«m«„ sftou.fl Oe usee ,-=r 
colour componont cc. 

c • 2 Wt cornpen«ni lO (se« A.3.S.t 
I • 2 Mt inioqof a M« numo«r. 
MPEG.TABLE.SELECT 

l'^^om« t«. «v,M Q„.„u„, «„,^, ^, ^.^^^ 
0.fin*j cu«,.8«.o« t«,l, ,0, .ntra or non-ntra .nlorm,„or,. 
n • 0 indieaits intra in(om,ation. i non-.ntra. 



T«l. A.3., To».„ i.pi„.„„ ^ 
O.eo<l.r .„d T„por.i D.cod.r ,sh..t 5 ot „ 
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Description 
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MVD_BACKWARDS 
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V 


V 


V 


V 


V 


V 


V 


Carries one component (either vertical or horizontal) of the 
backwards motion vector. 

d - 0 indicates x component. 1 the y component 

V - 12 bit two's complement number. The LSB provides half pixel 
resolution. 
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MVD_FORWARDS 
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Carries one component (either vertical or horizontal) of the 
forwards motion vector. 

d - 0 indicates x component. 1 the y component 

V - 12 bit two's complement number. The LSB provides half pixel 
resolution. 
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NULL 

Does nothing 
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rbL_AoPcC/T 
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p - a 4 bit integer as defined by MPEG 
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1 


n 


1 


1 


U 


Dl/^XI IDC CKtrv 

Inserted by the start code detector to indicate the end of the 
current picture. 


1 


1 


1 


1 


1 


0 


0 


0 


0 


PtCTURE_RATE 


0 


r 


r 


r 


r 


P 


p 


P 


p 


p - a 4 bit integer as defined by MPEG. 


1 


0 


0 


0 


1 


0 


0 


1 


0 


PICTURE.START 


0 


r 


r 


r 


r 


n 


n 


n 


n 


Indicates the start of a new picture. 

n - a 4 bit picture index allocated to the picture by the start code 
detector. 



TabI A.3.2 Tokens impi merited rn th Spatial 
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Description 



PICTURE_TYPE MPEG 



p - a 2 bit integer indicating the picture coding type of the picture 
that follows: 



0 - Intra 

1 - Predicted 

2 - Bidirectionally Predicted 

3 - DC Intra 



PICTURE_TYPE H.261 

Indicates various H.261 options are on (1) or off (0). These options 
are always off for MPEG and JPEG: 



s - Split Screen Indicator 
d - Document Camera 
f - Freeze Picture Release 
Source picture format: 
q = 0-QCIF 
q = 1 - GIF 



PREDICTION_MODE 

A set of flag bits that indicate the prediction mode for the 

macrobiocks that follow: 

f - forward prediction 

b - backward prediction 

X - reset forward vector predictor 

y - reset backward vector predictor 

h - enable H.261 loop filter 



QUANT_SCALE 

Informs the inverse quantiser of a new scale factor 

s - a 5 bit integer in range 1...31. The value 0 is reserved. 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 


1 


0 


0 


0 


0 


1 


r 


I 


t 


QUANT_TABLE 


1 


q 


q 


q 


q 


q 


q 


q 


q 


Loads the specified inverse quantiser table with 64 8 bit unsigned 
integers. The values are in zig-zag order. 






0 


q 


q 


q 


q 


q 


q 


q 


q 


t - 2 bit integer specifying the inverse quantiser table to be loaded. 


0 


0 


0 


0 


1 


0 


1 


0 


0 


otUUbNL/b_bNU 

The MPEG sequence_end_code and the JPEG EOl marker cause 
this Token to be generated. 


0 


0 


0 


0 


1 


0 


0 


0 


0 


SEQUENCE_START 

Generated by the MPEG sequence_start start code. 


1 


0 


0 


0 


1 


0 


0 


1 


1 


SLICE_START 

Corresponds to the MPEG slice.start, the H.261 GOB and the JPEG 
resync interval. The interpretation of 8 bit integer "s" differs between 
coding standards: 

MPEG - Slice Vertical Position - 1 . 

H 261 - Grouo of blork^ Numhpr - 1 

JPEG - resychronisation interval identification (4 LSBs only). 


0 


s 


s 


s 


s 


s 


5 


s 


s 


1 


1 


1 


0 


1 


0 


0 


t 


t 


TEMPORAL_REFERENCE 

t - carries the temporal reference. For MPEG this is a 10 bit integer. 
For H.261 only the 5 LSBs are used, the MSBs will always be zero. 


0 


t 


t 


t 


t 


I 


t 


t 


t 


1 


1 


1 


1 


0 


0 


1 


0 


d 


TIME_CODE 

The MPEG time^code: 

d - Drop frame flag 

h - 5 bit integer specifying hours 

m - 6 bit integer specifying minutes 
s - 6 bit integer specifying seconds 
p - 6 bit integer specifying pictures. 


1 


r 


r 


r 


h 


h 


h 


h 


h 


1 


r 


r 


m 


m 


m 


m 


m 


m 


1 


r 


r 


s 


s 


s 


s 


s 


s 


0 


r 


r 


P 


P 


P 


P 


P 


P 
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E 


7 


6 


5 


4 


3 


2 


1 


0 


Description 




1 


0 


0 


0 


1 


1 


0 


1 


1 


USER_DATA JPEG 




0 


V 


V 


V 


V 


V 


V 


V 


V 


This Token informs the Video Demux that the DATA Token that 
follows contains user data. See A. 11.3, "Conversion of start 
codes to Tokens", and A. 14.6, "Receiving User and Extension 
data". 

During JPEG operation the 8 bit field carries the JPEG marker 
value. This allows the class of user data to be identified. 


^1 


0 


0 


0 


0 


1 


1 


0 


1 


1 


USER_DATA MPEG 




















This Token informs the Video Demux that the DATA Token that 


"\.|; 




















follows contains user data. See A.11.3, "Conversion of start 


Ul 




















codes to Tokens", and A. 14.6, "Receiving User and Extension 
data" 


H 


1 


1 


1 


1 


0 


1 


1 


0 


1 


VBV_BUFFER_SIZE 




1 


r 


r 


r 


r 


r 


r 


s 


s 


s - a 10 bit integer as defined by MPEG. 


m 


0 


s 


s 


s 


s 


s 


s 


s 


s 




hi': 


1 


1 


1 


1 


0 


1 


1 


1 


0 


VRV DFI AY 




1 


b 


b 


b 


b 


b 


b 


b 


b 


b - a 16 bit integer as defined by MPEG 




0 


b 


b 


b 


b 


b 


b 


b 


b 






1 


1 


1 


1 


1 


1 


1 


0 


1 


VERTICAL_MBS 




1 


r 


r 


r 


V 


V 


V 


V 


V 


V - a 13 bit integer indicating the vertical size of the picture in 
macroblocks 




1 


r 


r 


r 


V 


V 


V 


V 


V 






1 


1 


1 


1 


1 


0 


0 


1 


1 


VERTICAL_SIZE 




1 


V 


V 


V 


V 


V 


V 


V 


V 


V - a 16 bit integer indicating the vertical size of the picture in 






















pixels. 

This can be any integer value. 




0 


V 


V 


V 


V 


V 


V 


V 


V 
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A.3.5 Numbers signalled in Tok ns 

A.3,5.1 Component Identification number 

In accordance with the present invention, the Component ID number 
is a 2 bit integer specifying a color component. This 2 bit field is typically 
located as part of the Header in the DATA Token. With MPEG and H.261 
the relationship is set forth in Table A. 3. 3. 



Component ID 


MPEG or H.261 colour component 


0 


Luminance (Y) 


1 


Blue difference signal (Cb/U) 


2 


Red difference signal (CrA/) 


3 


Never used 



Table A.3.3 Component ID for MPEG and H.261 
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With JPEG the situation is a re c mplex as JPEG d es not 
limit the color components that can be used. The decoder 
chips permit up to 4 different color components in each 
scan. The IDs are allocated sequentially as the 
specification of color components arrive at the decoder. 
X.3.5.2 Horisoatal and vertical sampling nximbers 

For each of the 4 color components, there is a 
specification for the number of blocks arranged 
horizontally and vertically in a macroblock. This 
specification comprises a two bit integer which is one less 
than the number of blocks. 

For example, in MPEG (or H.261) with 4:2:0 chroma 
sampling (Figure 36) and component IDs allocated as per 
Table A. 3. 4. 



Comooneni 10 


Honzonui 
sampling 
number 


Width in blocks 


Vertical 
sampiing 
number 


Height in blocks 


1 0 


1 


2 1 2 


1 


0 


1 


0 


1 


2 


0 


1 


0 


1 


3 


Not useo 


Not used 


Not used 


Not used 



Table X.3.4 Sampling niunbers for 4:2:0/MPEG 
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With JPEG and 4:2:2 chroma sampling (allocation of 
component t component ID will vary between applications 
See A. 3. 5.1. Hote: JPEG requires a 2:1:1 structure for 
macroblocks when processing 4:2:2 data. See Table A. 3. 5 





Hoflzsnui 




Veojcai 




Ccrrocrem lO 




VViCn in DtOCKs 








nufnt)«f 




number 










0 1 , 1 


U 


0 




0 1 , ; 


V 


0 




0 1 1 i 



Table A. 3. 5 Sampling numbers for 4:2:2 JPEG 



A.3 . 6 -•p.cial Token formats 

In accordance with the present invention, tokens such 
the DATA Token and the QUANT_TABLE Token are used in the. 
"extended form" within the decoder chip-set. In the 
extended form the Token includes some data. In the case 
DATA Tokens, they can contain coded data or pixel data, 
the case of QUANT_TABLE tokens, they contain quantizer 
table information. 

Furthermore, "non-extended form" of these Tokens is 
defined in the present invention as "empty". This Token 
format provides a place in the Token stream that can be 
subsequently filled by an extended version of the same 
Token. This format is mainly applicable to encoders and, 
therefore, it is not documented further here. 



1 Tok«n N«m€ 


MPEG 


JPEG 




[ BIT.RATE 


^1 I I 


BROKEN.CLOSED 


^ 1 


i 


COOING.STANOARO 


✓ 






COMPONENT.NAME 


1 ^ 1 


CONSTRAINED 


✓ 




DATA 




/ 




DEFINE.MAX.SAMPLING 


/ 


/ 




OEFINE.SAMPLING 




/ 




DHT_MARKER 


1 


" i 




DNL.MARKER 




DQT.MARKER 


i 


' i 




DRLMARKER 


1 - i 



e A. 3. 6 tokens for different standards 



^ ^ Tokmn 




\ 


EXTENSION.OATA 


y / 


FIELO.INFO 




1 


! FLUSH ■ ^ \ ^ \ y 


j GROUP.START 




H0RI20NTAL_MBS / y \ y 


HORIZONTAL.SIZE 




JPEG.TABLE.SELECT 




MAX.COMP.ID 




MPEG.DCH.TABLE 


1 


MPEG.TABLE.SELECT 


✓ 


MVD.BACKWARDS 


1 


MVO FORWARDS 


/ y 


NULL 


y y 




PEL ASPECT 




1 1 


PICTURE END 




PICTURE RATE 


✓ 




1 PICTURE START 




! PICTURE TYPP 


✓ / i ✓ j 


1 PREDICTION MDDP 




j QUANT.SCALE 


^ \ i ! 


1 QUANT^TABLE 


y 


' \ ! 


; SEQUENCE.ENO 


y 


y 




1 SEQUENCE.START 


/ y ✓ 


SLICE.START 


^ 1 ^ 1 


TEMPORAL.REFERENCE 


y 


! / i 


TIME.COOE 


^ \ \ 


USER.OATA 


^ \ ^ \ \ 


VBV.BUFF£R_S12E 


' i ! ! 


VBV.DEUVY 


' i 1 


VERTICAL_MBS 


y 




VERTICAL.S12E 


y 


y 


y 1 

1 



Tabte A.3.6 Tokens for difterent standards (contd) 
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A.3.7 Us of Tokens f r different standards 

Each standard uses a different sub-set f the defined 
Tokens in acc rdance with the present invention; ss Table 
A. 3. 6. 
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SECTION A,4 The two wire interface 

X.4.1 Tvo-vire lBtttrfae«s and thm T k«n Port 

A simple two-wire valid/accept protocol is used at all 
levels in the chip-set to control the flow of information. 
Data is only transferred between blocks when both the 
sender and receiver are observed to be ready when the clock 
rises. 

1) Data transfer 

2) Receiver not ready 

3 ) Sender not ready 

If the sender is not ready (as in 3 Sender not ready 
above) the input of the receiver must wait. If the 
receiver is not ready (as in 2 Receiver not ready above) 
the sender will continue to present the same data on its 
output until it is accepted by the receiver- 

When Token information is transferred between blocks the 
two-wire interface between the blocks is referred to as a 
Token Port. 
x.4.2 Wbere used 

The decoder chip-set, in accordance with the present 
invention, uses two-wire interfaces to connect the three 
chips. In addition, the coded data input to the Spatial 
Decoder is also a two-wire interface. 
X.4.3 Bus signals 

The width of the data word transferred by the two-wire 
interface varies depending upon the needs of the interface 
concerned (See Figure 35, •'Tokens on interfaces wider than 
8 bits". For example, 12 bit coefficients are input to the 
Inverse Discrete Cosine Transform (IDCT), but only 9 bits 
are output . 
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Table A.4.1 TWO wire interface data width 

• accept 
. extension 
A. 4,3,1 Thm extension sign*! 

A. 4. 4 Design considerations 

>=ept t,.lou 25 „„. The PCS trL 

" a „.„i.u,n. should be K. 
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Th« clock distributi n sh uld b« designed to minimize 
the cl ck 8l w between chips. If there is any clock slew, 
it should be arranged so that "receiving chips" see the 
clock before "sending chips" J 
5^ All chips communicating via two wire interfaces should 

operate from the same digital power supply. 
X.4«5 Interface timing 



Num. 

1 


Charac:aristic 


30 MH2 


Unit 


Note* 


Min. 


Max. 


' 1 tnout signal sti-ue ome 


5 




- 1 


2 inout Signal notd tima 


0 




ns 


3 Ou^ut signai oriva oma 




23 ns 


4 1 Outout signaj noid ama 


2 




n$ 





Table A.4,2 Two wire interface timing 

a. Ficfures in Table A. 4. 2 may vary in accordance with 
10 design variations 

b. Maximum signal loading is approximately 20 



Note: Figure 3 8 shows the two-wire interface between the 
system de-mux chip and the coded data port of the Spatial 
Decoder operating from the main decoder clock. This is 
optional as this two wire interface can work from the coded 
data clock which can be asynchronous to the decoder clock. 
See Section A. 10.5, "Coded data clock". Similarly the display 
interface of the Image Formatter can operate from a clock that 
is asynchronous to the main decoder clock. 



A.4.6 Signal levels 
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The two-wire interface uses CMOS inputs and output. 
ViHmin is approx. 70% of Vdd and ViLmax is approx. 30% of Vdd. 
5 The values shown in Table A.4.3 are those for Vih and Vil at their 
respective worst case Vdd- Vdd=5.0V0.25V. 



oymDOi 


Parameter 


Mm. 


Max. 


Units 


V,H 


Input logic '1' voltage 


3.68 


Von -0,5 


V 


Vu. 


Input logic 'O* voltage 


GND-0.5 


1.43 


V 


VoH 


Output logic '1' voltage 


Vnn-OJ 




V" 


Von -0.4 




V' 


Vol 


Output logic '0' voltage 




0.1 






0.4 






Input leakage current 




± 10 


CDA 



Table A.4.3 DC electrical characteristics 

a. loH#1niA 
10 b. loH#4mA 



c. loL#1niA 

d. loL#4mA 



A.4.7 Control clock 
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In general, the clock controlling the transfers across the 
two wire interface is the chip's decoder_clock. The exception is 
the coded data port input to the Spatial Decoder. This is 
controlled by coded_clock. The clock signals are further 
described herein. 
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SECTION A,5 DRAM Interface 

A.5.1 The DRAM interface 

A single high performance, configurable, DRAM interface is 
5 used on each of the video decoder chips. In general, the DRAM 
interface on each chip is substantially the same; however, the 
interfaces differ from one another in how they handle channel 
priorities. The interface is designed to directly drive the DRAM used 
by each of the decoder chips. Typically, no external logic, buffers or 
10 components will be necessary to connect the DRAM interface to the 
DRAMs in most systems. 



A.5.2 Interface signals 



Signal Name 


Input/ 
Output 


Description 


DRAM_data [31:0] 


I/O 


The 32 bit wide DRAM data bus. Optionally this bus 
can be configured to be 16 or 8 bits wide. See section 
A.5.8. 


DRAM_addr[10:0] 


O 


The 22 bit wide DRAM interface address is time 
multiplexed over this 1 1 bit wide bus. 


RAS 


o 


The DRAM Row Address Strobe signal 


CAS 


o 


The DRAM Column Address Strobe signal. One signal 
is provided per byte of the interface's data bus. All the 
CAS signals are driven simultaneously. 


WE 


o 


The DRAM Write Enable signal 


OE 


o 


The DRAM Output Enable signal 


DRAM^enable 


1 


This Input signal, when low. makes all the output 
signals on the interface go high impedance. 

Note: on-chip data processing is not stopped when the 
DRAM interface is high impedance. So. errors will 
occur if the chip attempts to access DRAM while 
DRAM enable is low. 



Table A.5.1 DRAM interface signals 
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L5 



In *cc^rdance with the present invention, the interf 
IS configurable in two ways: interface 
•The detail timing of the interface can be 
configured to accommodate a variety of 
different DRAM types 
•The "-.vidth" of the DRAM interface can be 
configured to provide a cost/performance 
trade-off in different applications. 
A.S.3 Configuring the DRAM interface 

Generally, there are three groups of registers 
associated with the DRAM interface: interface timing 
configuration registers, interface bus configuration 
registers and refresh configuration registers. The refresh 
configuration registers (registers in Table A.5.., shouL 
be configured last. snouid 

A. 5. 3.1 Conditions after reset 

pr.slnV -"rt.c. in accordance wi.n .n. 

ope a'.cnrr*" ""..pond to .ne slowest .ode o. 

operation). Initially, the ORAM interface -in 
execute refresh cycles (excluding au" er anlf^:::"^' 
r..s . n continue until a value is written into ^ ' 
rsfresh_interval. The DRAM interface will th.n h u, 

perform other types of transfer bJ ^° 
^ transfer between refresh cycles. 

A. 5. 3. 2 Bus configuration 

Bus configuration (registers in Table A 5 3, ^k. i^ , 
be done when no data transfers are b« 

interface Tho ^^^nsfers are being attempted by the 

interface. The interface is placed in this condition 
immediately after reset, and before a value is written into 
a'ter 7 re-configured 
atte" ' '^'^^ "° transfers are being 

T chip_access register 

(A^lo.3.1, and the Spatial Decoder buffer manager access ' 
i-egister (.A.13.1.1). ~ " 



Aiicerfac timing configuration 

« :.enr;;;;. r:;;; - — c«..„, 

conrroued "e nt"!/ """" information .„ 

5 writing i to thi. '""""-'^'"^"^--"ss r.,ist.r. 

"^istirs an : iiTr:: ::r 

in^o^^ A. 5.2) to be modified. While 

in"r.,ce.ti„in,..c=. : e ^""^ 
in«rfa=, ti.i„, re,ist„=. ' '° °' 

^.:rtrr~ — - -^^-en to 

-en trans....ea » t„/p J'^^:.":::' ^-""^ 
A. 5. 3. 4 Refresh configuration 

prern/rrtirr i„r 

r.set. c.ntil rll " / ' ""figured once foliouing 

c=nt..ii, e.:::tr;:::r;: 

other data transfers. Data trln., -ny 
v-u. is „.itten to .efresn "t^^r ^ 

••pa/set'oTtttteriro""* '^^"^^^ — ^ a 

applied, f=uo„::.": :iz r ^-"^ ^= ^^"^ 

normal operation is possiMe I 

««t-up re,ui.e.entr °^ 

vaxue to refresh_int.rval ="i='i<«<i "efore writing a 

*'aU tneT. " '° "O" register, 

interface timing (ticXs, 
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The*ORAM interface timing is derived from a clock which 
IS running at four times the input Clock rate of the device 
(decoder_clock) . This clock is generated by an on-chip 
PLL. ^ 



For brevity, periods of this high speed clock are 
referred to as ticks. 
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A.5.5 Interface registers 



Register name 



Size/Dir. 



Reset State 



Description 



interface_ttming_access 



1 

bit 



This function enable register allows access 
to the DRAM interface timing configuration 
registers. The configuration registers 
should not be modified while this register 
requests access to modify the configuration 
registers. After a 0 has been written to this 
register the DRAM interface wilt start to use 
the new values in the timing configuration 
registers. 



page_start_length 



5 

bit 



Specifies the length of the access start in 
ticks. The minimum value that can be used 
is 4 (meaning 4 ticks). 0 selects the 
maximum length of 32 ticks. 



transfer_cycle_length 



4 

bit 



Specifies the length of the fast page read or 
write cycle in ticks. The minimum value that 
can be used is 4 (meaning 4 ticks). 0 
selects the maximum length of 16 ticks. 



refresh_cycle_length 



4 

bit 



Specifies the length of the refresh cycle in 
ticks. The minimum value that can be used 
is 4. (meaning 4 ticks). 0 selects the 
maximum length of 16 ticks. 



RASJalling 



4 

bit 



Specifies the number of ticks after the start 



of the access start that RAS The 
minimum value that can be used Is 4 
(meaning 4 ticks). 0 selects the maximum 
length of 16 ticks. 



CAS_falling 



bit 



Specifies the number of ticks after the start 
of a read cycle, write cycle or access start 
X\r\a\CAS ^aUs- The minimum value that 
can be used is 1 (meaning 1 tick). 0 selects 
the maximum length of 16 ticks 



Table A. 5. 2 Interface timing configuration regist rs 
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Register name 










Size/Dir. 


Reset State 


Description 














DRAM_data_width 


2 

hit 

rw 


0 


Specifies the number of bits used on the 
DRAM interface data bus DRAM_data 
[31:0]. See A. 5. 8. 




row_address_bits 


2 


0 


Specifies the number of bits used for the 










row address portion of the DRAM 


S| 

''ill: 




bit 




interface address bus. See A.5.10 . 






rw 






B 


UrVMVI eriaDIc 


1 


1 


Writing the value 0 in to this register 


I 








forces the DRAM interface into a high 






hit 




impedance state. 0 will be read from 
this register if either the DRAM_enable 


al 








signal is low or 0 has been written to the 






rw 




register. 




CAS_strength 


3 


6 


These three bit registers configure the 










output drive strength of DRAM interface 
signals. This allows the interface to be 




RAS^strength 


bit 












configured for various different loads. 




addr_strength 














See A.5.13 




DRAM_data_strength 


rw 






OEWE_strength 









Table A.5.3 Interface bus configuration registers 
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A. 5. 6 Interface operation 

The DRAM interface uses fast page mode, 
access are supported: 

• Read 

• Write 

• Refresh 



Three different types of 



Each read or write access transfers a burst of 1 to 64 bytes to a single DRAM 
page address. Read and write transfers are not mixed within a single access 
and each successive access is treated as a random access to a new DRAM 
page. 



Register name 



refresh interval 



no refresh 



Size/Dir. 



8 

bit 



1 

bit 



Reset State 



Description 



This value specifies the interval 
between refresh cycles in periods of 16 
decoder_clock cycles. Values in the 
range 1 . 255 can be configured. The 
value 0 is automatically loaded after 
reset and forces the DRAM interface to 
continuously execute refresh cycles 
until a valid refresh interval is 
configured. It is recommended that 
refresh_interval should be configured 
only once after each reset 



Writing the value 1 to this register 
prevents execution of any refresh 
cycles. 



Table A. 5.4 Refresh configuration registers 



10 
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A.S.7*-A«c ss Structure 

Each access is composed of two parts: 
•Access start 
•Data transfer 

a==« "star??? .e,i„s wt. „ 

Opon conpleticn of th. l„t data transfer Cor a 
oegm. if a new access is ready to 
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□ 



ni 

SI 



10 



begin when the last access has finished, then the new 
access will begin immediately, 
A, 5. 7.1 Access start 

The access start provides the page address for the read 
or write transfers and establishes some initial signal 
conditions. in accordance with the present invention, 
there are three different access starts: 

-Start of read 

.Start of write 

.Start of refresh 



CI 

fr'h 

fiat!. 



a . 




6 


Access iian auf«oon Mt Oy ra^isttr 
p«9«_sttrt^i#ngtft 


4 


32 






( 
1 

i 


1 T 
1 


W5 prtcnvQc length stt ey rtytsttr 
CAS.falllng. 


1 


16 




• 

i 

! 


8 


Ftst eag« r«ad or wnt« cycle lengtft set oy 
tfte register trinsfer.cycle.iength. 


4 






I 


9 


H«fresft cycie lengm set by the register 
fefresh.cycie. 


4 


16 







Table A. 5.5 DRAM Interface timing parameters 

This value must be less than RAS_falling to ensure 
before WKS refresh occurs. 
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In ach case, the timing f RAS and th r v address is 
c ntrolled by the registers RAS_falling and 
page_start_length. The state of OE and DRAM_data [ 3 1 : 0 ] is 
held froB the end of the previous data transfer until **RAS 
falls. The three different access start types only vary in 
how they drive OE and DRAM_data[31: 0] when RAS falls. See 
Figure 43. 

X.5.7.2 Data transfer 

In the present invention, there are different types of 
data transfer cycles: 
. Fast page read cycle 
•Fast page late write cycle 
•Refresh cycle 

A start of refresh can only be followed by a single 
refresh cycle • A start of read (or write) can be followed 
by one or more fast page read (or write) cycles. At the 
start of the read cycle CAS is driven high and the new 
column address is driven* 

Furthermore, an early write cycle is used. WE is driven 
low at the start of the first write transfer and remains 
low until the end of the last write transfer. The output 
data is driven with the address. 

As a CAS before RAS refresh cycle is initiated by the 
start of refresh cycle, there is no interface signal 
activity during the refresh cycle. The purpose of the 
refresh cycle is to meet the minimum RAS low period 
required by the DRAM^ 

Interface default state 

The interface signals in the present invention enter a 
default state at the end of an access: 

RAS, CAS and WE high 

♦data and OE remain in their previous state 
. addr remains stable 
A. 5, 8 Data bus vidth 



•Uows the DRA« coH to k" .'^ " " "nfi,ur.d. This 
soaa Picture forlt, — "<> worKin, „ich 




a tut w.o« o,a ^ ^„ OHAM .dat«f3l:24|." 
" ^'*H»>d»»«fcu« on 0RAM.fl >at3,.,ty^r 
38 bit ^, 6U, on pwAM d.t.ii..A, 



Tabl. A. 5. 6 configuring DRAM_d«t._vidth 

a- Default after reset. 

^- unused Signals are held high impedance. 
A. 5. 9 row address width 

row_address_bits. ^^egister. 



i<^*dr*aa bits 
.Jr^T"' ' " "'^ " HOW thi, 

^.p-ds on th. Width Of th. data bus and th. number of bit 

T,j:T\'r **"'""• "«i^-ations d! „:r 

th.r.fore, produc* "hidden bits)". 

Similarly, th. row address 1. extracted tro» the middle 
portion ot the address. Accordingly, this m.xlmi.e. th. 
rate at which the DRAM is naturally retr.sh.d. 




(S:2J«»f3.:0| 



(19:171 o/;0:6| | |5.0|OtS :0| 
120:17) e [10:51 | (S:Ho(4.-0| 
[2l:iy/a|10:4| | |5Jto(3 :0| 

T*bl. A. 5. 8 Mapping b«tv..„ inf rn.lAnd .xt.rn.l .ddr.as.s 
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A.5.l»,i. LOW rder colunn .ddrK-s bits 

The least significant 4 to 6 bits =t the colu.n address 
are used to provide addresses for fast pa,e „ode transfers 
Of up to M bytes. The nu.ber of address bits required to 
oontroi these transfers .iXi depend on the width : t". 
data bus (see A. 5.8) . ^ ^ne 

*■ Wh'er? " 

Where only a single bank of DRAM is used, the width of 

the row address used win depend on the type of ORAM used. 
Applications that require »ore n,.„ory than can be typically 
provided by a single DRAM bank, can configure a wider row 
address and then decode some row address bits to select a 
single DRAM bank. select a 

NOTE: The row address is extracted fron the middle of 
the internal address. If some bits of the row address are 
decoded to select banks of DRAM, then all possible values 
=t these ..bank select bits" must select a bank of ORAM. 
Otherwise, holes will be left in the address space 
A .5. 11 ORAM Interface enable 

the' o T """" i—""-, there are two ways to make all 
the output Signals on the DRAM interface become high 
impedance , i.e.. by setting the DRAM enable register and 
the ORAM-enable signal Both ,-k. 9ister and 

must b. , . ' register and the Signal 

Interface t ' =" 

s taLrto h^'h""'- " " 

IS taken to high impedance. 

Note: on-chip data processing is not terminated when 
e DRAM interface is at high i.pe.ance. Therefore, errors 
-11 occur xf the chip attempts to access DRAM while the 
interface is at high impedance. 

-3.1".!,"°'''"" invention, the abUxty to 

-Ke the DRAM interface to high impedance is provided to 
allow other devices to test or use the DRAM controlled by 
the spatial Decoder (or the Temporal Decoder) when the 



spatial, decoder (or the Temporal Decoder) is not in use 
It IS not intended to allow other devices to share the ' 
memory during normal operation. 
A.S.12 Refresh 

unless disabled by writing to the register, no refresh 
the DRAM interface will automatically refresh the DRAM ' 
using a-C7^r before TO refresh cycle at an interval 
determined by the register, ref resh_interval . 

The value in ref resh_interval specifies the interval 
between refresh cycles in periods of 16 decoder_clock 
cycles. values in the range 1.255 can be configured. The 
value 0 xs automatically loaded after reset and forces the 
en^led""'r: continuously execute refresh cycles (once 
enabled) until a valid refresh interval is configured it 
IS recommended that ref resh_interval should be configured 
only once after each reset. 

While YWseZ is asserted, the DRAM interface is unable to 
refresh the DRAM. However, the reset time required by the 
dec d ,3 sufficiently short, so that it should be 

possible to reset them and then to re-configure the DRAM 
interface before the DRAM contents decay. 
A. 5. 13 Sign*! Strengths 

can"Ll '"7 °' °' "'^ interface 

can b, configured the user usin, the 3 bit registers 
CAS.strength, RAS.str.ngth , ,ddr strength, 
DRA«_dat._str.n,th, and OEWE.stringth . The MSB ot this 3 
bit value selects either a fast or slow edge rate. The two 
less Significant bits configure the output tor different 
load capacitances. 

The default strength after reset is 6 and this 
configures the outputs to r^Uo 

^ , ^ ^ ^° ^^^^ approximately lOns to drive 

a signal between GND and v. if i^^^ ^ • ^ 

^Do J-i loaded with 24 F 

p 



sffengm value 



Drive cfiaracrensitcs 
Aoorox. 4 nvV into 6 0' »0«d 




Aopfox. 2 ns^ into ^ p9 load 



Table A. 5. 9 output strength configurations 

a. Default after reset 

When an output is configured appropriately for the load 
It IS driving, it will meet the AC electrical 
Characteristics specified in Tables A. 5. 13 to A. 5. 16. when 
appropriately configured, each output is approximately 
matched to its load and, therefore, minimal overshoot will 
occur after a signal transition. 
A.S.14 Electrical specifications 

All information provided in this section is merely 
illustrative of one embodiment of the present invention and 
is included by example and not necessarily by way of 
limitation . 
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Table A. 5. 10 Maximum Ratings* 

Table A. 5. 10 sets forth maximum ratings for the 
illustrative embodiment only. For this particular 
embodiment stresses below those listed in this table should 
be used to ensure reliability of operation. 




W 
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Symbol 


Parameter 


Min. 


Max. 


Units 




Output logic '0' voltage 




0.4 


V* 


^OH 


Output logic 'V voltage 


2.8 




V 


'O 


Output current 


± 100 






'oz 


Output off state leakage current 


±20 




MA 


'IZ 


Input leakage current 


± 10 




MA 


'DD 


RMS power supply current 




500 


mA 


^IN 


Input capacitance 




5 


pF 




Output /lO capacitance 




5 


pF 



Table A. 5.1 2 DC Electrical characteristics 

a. AC parameters are specified using VoLmax = 0.8V as the 
measurement level. 

b. This is the steady state drive capability of the interface. 
Transient currents may be much greater. 
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cteristica 



m 

W 




the art the . ^^^"^^^^ -e of ordinary sKill in 
the art, the driver strength of the signal must be 
configured appropriately for its load. 




Table A. 5.14 Differences from nominal 
values between two strobes 

The driver strength of the two signals must 
configured appropriately for their loads. 



be 
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•sett- 




Table A. 5. 15 Differencea from nominal 
between a bus and a strobe 

The driver strength of the bus and the strobe must 
be configured appropriately for their loads. 




Table A. 5. 16 Dif f er-«*--.- « 

i^iirerences from nominal 

betvaen a bus and a strobe 

When reading from DRAM, the hram ■ ^ ^ 
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Table A. 5. 17 cross-reference between "standard" dram 
parameter names and timing parameter numbers 



I 
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SECTten A.6 Microprocessor interface (MPT) 



A standard byte wide microprocessor interface (mpi, is 
used on au cips .n t.e video decoder c.ip-set. However 
one Of ordinary s.ill in the art wUl appreciate that 

The^MPx""'" other widths „ay also be used. 

The MPI operates synchronously to various decoder chip 
clocks. ^ 

A. 6.1 MPI signals 



SI 




.-o acDve iow e.-..p tnawes. 3oin miai st low o 
enae<« acctucs v<a mt mp<.. 
Hisn .ne«a:ts mat a aev^t w,$r.es :o r««g vaites 
from the vifleo c^»o. 

Signal snouid :}e staoie wrt,i« :ne :.n,o ^ 

ACCfftAs specifics one of r locatioosm ne c.-io s 
memory mao. 

Thi3 signal should oe siaoie wnite :ne cno is 
enabled. 

a b.! wtde data I/O oon. Thesa p.r;s are n.gn 
moedance if eimer enaaie signal is msr. 

An acove low. open collector, .nterruet recuesi 

Signal. 



Table A. 6.1 MPI interface signals 
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A.6.2--MB1 electrical specifications 



"^1 




m 

s. 



Table A. 6.2 Absolute Maximum Ratings' 




Table A. 6. 3 DC Operating conditions 

AC input parameters are measured at a 1.4V 
measurement level. 

With TBA linear ft/min transverse airflow. 



1 

I SyfTOol 


Param«t«r 


1 Min. 


Max. 


1 UfiiB 


i 


Oumut logic V voitag* 






1 V 




Optn collector output logic '0* 
voltage 




0.4 


1 




Output logic '1* voltage 


2.4 


1 


V 1 




Outoui current 


* too 


1 




1 'Ooc 


Ooen collector outout current 


4.0 


8.0 1 


i 


1 'CZ 


Outout off state leakage current 


1 


= 20 1 


UA i 




Incut leakage current 




1 


UA { 




RMS power supply current 




SCO j 


r-> i 




Input cacaeitanee 




s I 






Outout / 10 caoacnanca 


1 


s 1 





Table A. 6. 4 DC Electrical characteristics 

b. This is the steady state drive capability of 
the interface. Transient currents may be 
much greater. 

c- When asserted the open collector Irq output 
pulls down with an impedance of lOOn or less. 
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Z5 
25 
27 

:9 

30 
31 
32 



enaofe low o«r:ca 

Adcress or s^t-uo to cr^ip enaoie 
Address or ftoJd from cnio dtsaot« 
Outcut turn-on iirre 
flead caia acccu time 
Read data ftoid ame 
Re«d dara turn-off &me 



;oo 
50 
0 
0 

20 



70 



20 



ns 
ns 
ns 



The cho.ce, in example, =, JHaBTero, 

" sra.t ..e cycle .nd SnSBTeu, to end L 

arbitrary. These signal are cf .,ual 
Status. ^ 

The access time is SDecif,«H * 
lo«H „^ =n ^ specified for a maximum 

load Of 50 ,F on each of the datafT.oj 
Larger loads may increase the access time. 



Num 



Characiertstc 
33 j Wnie oara lei-uo tvnm 
^ \ ^"*e data ftoid ome 



IS 
0 



Max. I Unit j Notes 

I ns 
rts 



a ""e* "terfac. .rite ti.in, 

- The Choice, i„ this example, of aKa^jo, 

to start the cvr^io , ^ 

tne cycle and €nm^iij to end 

it IS arbitrary. These eior,,, 

status. °' ^'^"^^ 



A,6.3 *-Iaterrupts 

in accordance with the present invention, "event" is the 
ter. used to describe an on-chip condition that a user 
might want to observe a., « ^ 

ODserve. An event can indicate an error or 

it can be inforn,ative to the user's software. 

There are two single bit registers associated with each 
interrupt or "event". These are the condition event 
register and the condition mask register. 
A. 6. 3.1 condition event register 

The condition event register is a one bit read/write 
register whose value is s*»i- i-« i. 

^° by a condition occurring 

within the circuit Tho 

i^cum. The register is set to one even if the 

condition was merely transient and has now gone away. The 
register is then guaranteed to remain set to one until the 

user's software resets ii- trs^ i-k^ 

resets It (or the entire chip is reset; 

■The register is set to zero by writing the 
value one 

• writing zero to the register leaves the register 
unaltered. 

■ The register must be set to zero by user 
software 

before another occurrence of this condition can 
be observed. 

The register will be reset to zero on reset. 
A. 6. 3. 2 Condition mask register 

The condition mask register is one bit read/write 
register which enables the generation of an interrupt 
request if the corresponding condition event register(s) 
is(are) set. if the condition event is already set when i 
IS. --x.tten to the condition mask register, an interrupt 
request will be issued immediately. 

•The value i enables interrupts. 

•The register clears to zero on reset. 

Unless stated otherwise a block win 

OJ.OCK Will Stop operation 
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after -^eaerating an interrupt request and will re-start 
operation after either the condition event or the condition 
nask register is cleared. 
A. 6.3. 3 Event and mask bits 

Event bits and mask bits are always grouped into 
corresponding bit positions in consecutive bytes in the 
memory map (see Table A. 9. 6 and Table A. 17. 6). This allows 
interrupt service software to use the value read from the 
mask registers as a mask for the value in the event 
registers to identify which event generated the interrupt. 
A. 6. 3. 4 The chip event and mask 

Each chip has a single "global" event bit that 
summarizes the event activity on the chip. The chip event 
register presents the OR of all the on-chip events that 
have 1 in their mask bit. 

A 1 in the chip mask bit allows the chip to generate 
interrupts. A 0 in the chip mask bit prevents any on-chip 
events from generating interrupt requests. 

Writing 1 to 0 to the chip event has no effect. It will 
only clear when all the events (enabled by a 1 in their 
mask bit) have been cleared. 
A. 6. 3. 5 The irq signal 

The iT^ signal is asserted if both the chip event bit 
and the chip event mask are set. 

The ITq signal is an active low, "open collector" output 
which^equires an off-chip pull-up resistor. When active 
the irq output is pulled down by an impedance of lOOn or 
less . 

I will be appreciated that pull-up resistor of 
approximately 4kn should be suitable for most applications. 
A. 6. 4 Accessing registers 

A. 6. 4.1 Stopping circuits to enable access 

In the present invention, most registers can only 
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if bl c)c With Which they ar« associat d is 

.odxfi d if registers will normally b 

stopped. Therefor , groups r reg 
associated with an access register. ^ 

reaister indicates that tne 

The value 0 in an access regi»w 

r.,i.t.r. ...o=i.t.. with .h.t 7";//^^ 

• Kioek be stopped. However, 

;:r.::: r.rr;.n. . Jc.. -u. 

Accoraxn^d J. 1 is read from the access 

" reguest J^i/,,:: Halue to a configuration 

register. If the user writ results 
register while its access register is set to 

® are undefined. 

W ^ * 1 a Reoisters holding integers 

X.«.4.2 Ragx«^» ^ of any byte in the memory map 

The least significant bit of any oy^e 
is that associated with the signal datatO] . 

» nisters that hold integers values greater than 8 bits 
Registers ^ consecutive byte locations m 

are split over either 2 or 4 c endian" as shown 

the memory map. The byte ordering is ^^^^^^^^^^^^^ 
in Figure 55. However, no assumptions 
order in which bytes are written into multi-byte 

"t:::; bits in the memory map will return a 0 when read 
e.cept for unused bits ^ ^r/^rt^I^^^^ ..e 

trgirr-will :r:ire;t:rd°^%o/e.ample a 12 bit 
Tilned register will be sign fended to il a 

»emory map ---.^^^.^C will return a 0 

3 0 location holding a 12 dix. u«»a.vsr 
from its most significant bits, 
k € 4.3 Keyboled address locations 

in the present invention, certain less frequently 
accessed m'emory map locations have been placed behind 
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20 



25 



iT .Ts.l'. ^''°'"* — ^^"-s associate, with 

The . T " "^'^'^^ ^ -lister 

The keyhole address specifies a location within an 
extended address «o*^« » ^ ^i-nin an 

keyhole d.^ ^^'^^ operation to the 

keyhole data register accesses the. location specified bv 
the keyhole address register. P«=^fied by 

kevh?r ' '"^ "^^'"^^ associated 

keyhole address register increments. Random access within 
the extended address space is only possible by writing a 
new value to the keyhole address register for each access. 

A cH,p ,n accordance with the present invention, may 
have more than one "keyholed" memory map. There is no 
interaction between the different keyholes. 
A. 6. 5 Special registers 
A.6.S.1 Unused registers 

n th. „e»=ry ..p .hat have not b.en used in th. currant 
.»Pl.».ntat.on =. the device. i„ ^neral, the value 0 can 
b read .r=. these location.. «ritin, o to these loc at ons 

•^ill have no effect. ^^'-xons 

art*' ToJ.^ by one of ordinary s.iu i„ ,he 

art. xn order to maintain compatibility with future 
variants of these products, it is r.oo^.nded that the 

thes! , S.n,ilarly, when configuring the device 

these locations should either be avoided or set to the 

A.«.5.2 Reserved registers 

Similarly, registers or bits described as "reserved" in 
the present invention have un-documented effects on the 
behav.or of the device and should not be accessed. 
A. 6.5.3 Test registers 

Furthermore, registers or bits described as "test 
egisters" control various aspects of the device's 
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no 



testab«.lity. Therefore, these reqisters have 
application in the normal use of the devices and need 
be accessed by normal device configuration and control 



software 
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SECTION A.7 Clocks 

In acc rdance with the present inventi ns, oany 
different clocks can be identified in the video decoder 
system. Examples of clocks are illustrated in Figure 56. 

As data passes between different clock regimes within 
the video decoder chip-set, it is resynchronized (on-chip) 
to each new clock. In the present invention, the maximum 
frequency of any input clock is 30 MH,. However, one of 
ordinary skill in the art will appreciate that other 
frecspaencies, including those greater than 30MH2, may also 
be used. On each chip, the microprocessor interface (MPI) 
operates asynchronously to the chip clocks. In addition, 
the Image Formatter can generate a low frequency audio 
clock which is synchronous to the decoded video's picture 
rate. Accordingly, this clock can be used to provide 
audio/ video synchronization. 
X.7.1 Spatial Decoder clock signals 

The Spatial Decoder has two different (and potentially 
asynchronous) clock inputs: 



Signal Na/n* 


Input / 

OutDUt 


Description 


cod«d. Clock 


Input 


Thts ciocK controls cau :rans.'er m to tne coceo caia 
port of th« Soaoa) Oecooer. 

On<nip this ctocic controls tne processing ot me 
coeeo cau until it reacnes tne coeeo data Puffer. 


o«eootr.eiocK 

1 

1 
1 

i 


input 


The oecooer ctocK comrots tne maionr^ ot 'vT.e 1 

1 

processing (unctions cn ine Spatial Decocer. 1 

The oecooer ctock aiso controls V\t trars.'er of eata 
out or ne Spatial Decocer tr.rcugn .ts output oon. 



T&bltt A. 7.1 Spatial D«cod«r clocks 



7.2 *.T««poral Decoder clock signals 

The Temporal Decoder has only one clock input: 



Stgrtai Name 


Input/ 
OutouT 


0«schption 


O€coa«f_ciock 


Input 


^« aecooer ciocx comroia aJi of 'u'le processir^ j 






'unctions on the Temporai Decoder. j 






The cecocer ciocK also controls ;rar^?er of data .n :o i 






tf>e Temporal Decoder nrougn its mpui por: and ■ 






via Its outDUT oorr. 1 



Table A. 7.2 Temporal Decoder clocks 
7.3 Electrical specifications 



Num. 



CharacttrisiJc 



35 I Dock pertod 

36 I Dock hign p«nod 



37 Clock low pence 



30 MH2 



33 
13 



Max. 



13 



Unit 

ns 
ns 



Note 



n$ 



Table A. 7.3 Input cl 



ock requiram nts 
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a nr.- 



US 



10 




Table A. 7. 4 clocx input conditions 
A. 7. 3.1 CMOS levels 

The Clock input signals are CMOS inputs v i. 
approx. 70% Of v., and v._ is approx 30% of v"" ' 
values shown in Table A 7 ^ 

stabl. to Within . ioo p3 ^'^^^ ^'^'"^ " 



SECTION A.8 JTAG 

As circuit boards become more densely populated, it is 
increasingly difficult to verify the connections between 
components by traditional means, such as in-circuit testir 
using a bed-of-nails approach. In an attempt to resolve 
the access problem and standardize on a methodology, the 
Joint Test Action Group (jtaG) was formed. The work of 
this group culminated in the "Standard Test Access Port an 
Boundary Scan Architecture", now adopted by the IEEE as 
standard 1149.1. The Spatial Decoder and Temporal Decoder 
comply with this standard. 

The standard utilizes a boundary scan chain which 
serially connects each digital signal pin on the device 
The test circuitry is transparent in normal operation, but 
in test mode the boundary scan chain allows test patterns 
to be Shifted in, and applied to the pins of the device 
The resultant signals appearing on the circuit board at the 
inputs to the JTAG device, may be scanned out ' and checked 
by relatively simple test equipment. By this means, the 
inter-component connections can be tested, as can areas of 
logic on the circuit board. 

All JTAG operations are performed via the Test Access 
port (TAP). Which consists of five pins. The Trsl (Test 
Reset) pin resets the JTAG circuitry, to ensure that the 
device doesn't power-up in test mode. The tck (Test Clock) 
pin is used to clock serial test patterns into the tdi 
(Test Data Input) pin, and out of the tdo (Test Data 
Output) pin. Lastly, the operational mode of the JTAG 
circuitry is set by clocking the appropriate sequence of 
bits into the tms (Test Mode Select) pin. 

The JTAG standard is extensible to provide for 
additional features at the discretion of the chip 
r>anufacturer. On the Spatial Decoder and Temporal Decoder, 
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there are 9 user instructions, including three JTAG 
mandatory instructions. The extra instructions all w a 
degree of internal device testing to be performed, and 
provide additional external test flexibility. For exanpl 
all device outputs may be made to float by a simple JTAG 
sequence « 

For full details of the facilities available and 
instructions on how to use the JTAG port, refer to the 
following JTAG Applications Notes. - 
A. 8*1 Connection of JTAO pins in non^JTAO systems 



Signal 


Oirecoon 


Oescnotion 


ir?t 

i 


Inout 


This pin has an miemai pun*up. Put must oe taKen 
low at pow«r-up evan if tna JTAG /ean;f«s are not 
bting usad. This may Da acntevcd Py ccnnecong 
tfst in convnon with the chip resai pm rescL 


tdi 


inout 


Thesa p*ns have internal puit-uros. arc rvay Pe left 
disconnected it the JTAG circuitry i$ not Petng used. ! 


1 


tck 


input 


This pin doas not have a puu-up. ano srcuio oe tieo 
to ground if the JTAG circuitry is not usei. 


tdo 


CuDUl 


Hign tmpedance except during jTAG scan 1 
operaiions. tf JTAG is not pe*ng used, r.is pm may j 
oe left disconnected. j 



Table A. 8.1 Hov to connect JTAQ inputs 
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A*8.2^L«v«l of Conformance to IEEE 1149.1 
A. 8.2.1 Rules 

All rules 

be noted: 



are adhered to, although the follow! 



ng should 




7.1.1(d) 
7-2. !(c) 



□•scriptton 

Tht trii sin is orovid«d. 
Guaranteed for ail puoiic instrucoons ($ee (E£E lusj 
5-2.1(0). 

Guaranteed (or a/I puWic insvucoons. for some errvate 
instrucflona. the TOO ptn may 5e acove during any ot ffie 
sut€s Caorure^OR, giiti-PR . g»i.2.0R & Pause^OR. 
Power on.feset ts aenieved by use o/ the irsT pm. 



A code for the BYPASS insxnjcnon is loaded m cn« Tasi-Losc- 
Reset sute. 



un.auocateo instruction cooes are eaufvaJent :o SyPaSS. 



There ts no devce lO register. 



Table A. 8.2 JTAG Rules 







7.8.1(6) 


Sirg(e-SE«o cwrauon recuirtj trernai ccrtu-ci of r.« system 

CJOCK. 




There IS r.o flUNSiST (aciir/. 




There is ro iCCOOE msL'ucticn. 




There is no UScRCOOc ins:/Lc::5n. i 




There ts r.o ctv<e idenaficaion re5is:er. j 


3.2, no 


Guaranteed .'cr ail euctic insi-ucuons. The acrarer: :en5m 
the Dam (rom tdi to tdo rr.ay change under certain 
crcumstances i^rhiie ertvtte instrucaon coces are loaded. 


3.3.1(^-1) 


Guaranteed for all eubiic instrucDora. Data rtay be loaded at 
times other man on the nsing edge of tck wniie rnvaie 
instructions codes are loaded. 


i0.4.:(e) 


During i.VT£3T. the system ciocK om must oe ccnrcited | 
externally. j 


10.5. MO 


Ounng iNTEST. outDut cms are controlled fcy cau sntfteo m via j 
tdi. 1 


Table A,8.2 JTAG Rules 


•2.2 Recommenda 


tions 


R ecomm^ndation 


0«senotion | 


3^.1 (b) 


tc*c is a htgn-ime>«Jance CMOS inout. [ 


3.3.1(c) 


tms has a ftign impedarve duII-uo. | 


3-6. 1(d) 


(Aophes to use of cnro). j 


3.7. l(t) 


(Applies to use of chip). | 


6.1.1(e) 


The SAMPLE/PRcUOAO «struc:.on code « ;cacec Curing i 
Cap(ure-lR. [ 


j 7.2,1(0 


The iiVTeST instrxjcoon is supporred. j 


1 7-7.1(5) 


Zeros are loaoed at system output ptru during EXTEST \ 


[ 7.7.2(h) 


All system outputs may oe set hign-impedarce. \ 


1 7.3.1(0 


Zeros are loaded at system input ptns during iNTEST 


1 a.i.i(o.ej 


Oesign.speciftc test eata registers are not puoiicty aecessieie ' 



Table A. 8.3 Recommendations met 
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fli 

hi' 

CB 

Li;: 



P«ornm«r>datioo 


Oascnptton | 




During EXTEST. (h« signai tfhwn into 9^ on<ft,p iogc from 
th« sysi«m ciock pin is that sutxXM t««m«(fy. 



Table A. a. 4 Recommendations not implemented 

A. 8. 2. 3 Permissions 




Table A. 8. 5 Permissi 



ons met 



W 



SECTION A.9 Spatial Decoder 

■ 30 MH, operation 
•Decodes MPEG. jPEG & H.261 
■Coded data rates to 25 Mb/s 
•Video data rates to 21 MB/s 
•Flexible Chroma sampling formats 

• Full JPEG baseline decoding 
•Glue-less DRAM interface 

• Single -5V supply 
208 pin PQFP package 

•Max. power dissipation 2 . 5W 

independent coded data and decoder clocks 

Uses standard page mode DRAM 
The spatial Decoder is a configurable VLSI decoder chip 
for use in a variety of JPEG, MPEG and H.261 picture and 
video decoding applications. 

Soa't"i/l T'T -ith no off-chip DRAM, the 

spatial Decoder is a single chip, high speed JPEG decoder 
Adding DRAM allows the Spatial Decoder to decode JPEG 
encoded video pictures. 720x480, 30Hz, 4:2:2 "JPEG video- 
can be decoded in real-time. 

With the Temporal Decoder Temporal Decoder the Spatial 

JPEG ^n" '° '^'^'^ "-^^^ ^"^ as 

JPEG). 704X480, 30Hz, 4:2:0 MPEG video can be decoded 

Again the above values are merely illustrative, by way 

Of example and not necessarily by way of limitation, of 

typical values for one embodiment in accordance with the 

thTa'rt — ^^-^^^^ -hose Of ordinary skill .n 

the art wxU appreciate that other values and/or ranges nay 
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A. 9,1 * jgatial Decod er Signals 



C3cefl.cai«(7:0] 



I 



t72. 171. 169, 168. 167. 16€. 164. 
1$3 



0«crrption 
Coc«<3 oaia Por. us^ to SLT>ct7 
co<3«3 (UU Of Toi^ens to ff^e SM:iai 
Decoder. 



coded.vaiid 




I I 121 

Table A.9.1 Sp^tiMl Decoder signals 



Signal N«m« 
d«eo4«r.ciock 



Pin N\jmt>€f 



177 



main oecooef ciock. See secoon 

A. 7 



re««t 



I 160 



ftesec 



Table A.9.1 Spatial Decoder signals (contd) 



Stgnai N«m« 


j WO 


1 Pin Nufn. 


J Oescrioaon 


tphOish 


1 


122 


If override « i tnen tphOith and tphlish are 


tphltsh 


1 


123 


inputs (or the on<rtip fw© phase ciocJc. 


override 


1 


110 


For normal operation set override « 0. 
tphOish andtphlifth are ignored ($o connect 
(0 GNO Of VqqI 


ehiptest 


1 


111 


Set ehiptest • 0 lor normal operation. 


tieop 


\ 


114 


CofW^ect to GNO Of Vpo duing normal 
operation. • 


ramtest 


1 


109 


If rsmtest « \ test o* the on-c.*np rams is 
enaP4ed. 

Set ramtest « C tor normal cperanon. 


pHseiect 


1 


178 


If piiseiect s 0 gne orwcrtip pnase (ocKed 
loeps are dtsabted. 

Set pllseteci « i for normal operation. 


ti 




180 


Two docks required Oy 7\t OPAM inierlace 


tq 




179 


during test opera bon. 

Corv^t to GNO Of V^o dmng normal 
operation. 


Pdout 


0 


207 


These (WO ptfu are connections tor en 


DOin 


1 


206 


external IHter for tne phase lode loop. 



Table A-9.2 spatial 0«c der Test signals 
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Pin I SicnajNamt | pi, 



Signal Nam« 



y.1 




226 



ni 
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S*;nai Nam* 



173 



Signal Nam« 



121 



GNO 



69 



M7 



.cataPl 
:se«d.cata(6) 



172 



tdo 



120 



ORAM.dataOl 



66 



171 



119 



1 57 ca*.M.eaupii 



ivco 

!c3ced.eata(S) 



170 



VOO 



118 ORAM.daU(lO| 



66 



VOO 



169 tms 



117 



VOO 



i 



166 



ttft 



116 



12 



==c«.cata(3i 



167 



fick 



115 



0AAM.4aa(n| 



53 



|r75 



:occ4.£a!6(2] 



166 



(•St pin 



lU. 



S2 



ho 



GNO 



jc3CM.ca:a(ij 



165 



GNO 



113 



OflAM.dau(i2I 



6t 



GNO 



164 ORAM.tnaM 



112 



GNO 



60 CaSiOI 



:scad_^ta(OI 



163 last Din 



111 



0RAW_datt(l3I 



I«9 



1S2 



test 9tn 



no 



;53 



1 6 1 last pin 



109 



£>AAM_d6U(14) 



57 



VOO 



!5 



■<'<$at 

jvoo 

El 

Inc 



16C he 



108 



VOO 



lis 



159 



158 

157 



107 



106 
105 



55 



jCAS[3| 



53 nc 



Table A. 9. 3 Spatial Decoder Pin Assignments (contd) 

A. 9. 1.1 "nc" no connect pins 

The pins labeled nc in Table A. 9. 3 are not currently 
used these pins should be left unconnected. 
A. 9. 1.2 v,„, and GND pins 

AS wxii be appreciated by one of ordinary skill in the 
^rt, all the and GND pins provided should be connected 

to the appropriate power supply. Correct device operation 
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cannota-.bfi ensured unless all the v,,^, and GND pins are 
correctly used. 

A. 9. 1.3 Test pin connections for normal operation 

Nine pins on the Spatial Decoder are reserved for 
internal test use. 



j Ptfi number 


Connection 


I 
1 


Connect to GNO for nonrtai ooeraoon 


i Connect to Vgg tot normal ooeration 


i 


Le«ve Oo€n C»rcuii ;of ?rcrmai oceraticn ' 



Table A. 9.4 Default t 



est pin connections 



A. 9 •1,4 JTAG pins for normal operation 

See section A. 3 . l . 



229 

*-s^atial Dec der memory map 



5 I 




0x00.. .0*03 


InttfTUOt $«fvic« a/M 1 A9fi 


0x04 ... 0x07 


irtput dreuit rm^tm 


A.9.7 


0x08 ... OrOF 


Sun cod« detector rt^frs 


0x10... 0x15 


Bufler starts contro* ftgwtrs 1 aqa 


0x16. ..0x17 


NouMd " ' r 


0x16... 01^3 
03^4 ... 0^6 


OftA>4 «ntft«e» con6gur»don fyxys 1 
Bun^ man«9«r «nd k^yttoit rtgat.rs ( a 9 ic 


I 0x27 


NotUMd 1 


0x26 ... O^F 


Hi/«m«n (J«)d«f f»giK„ 1 AQi-t 


0:00 ... 0:03 


lnvw« qu«nti««f r»9isttrs 1 a 9 14 | 


0x3A ... 0X36 

0X3C 
OiOO ... 0x3F 


Not used 

Neiusftd 1 




0x40 ... 0x7F 


T« rtgistcrs 1 j 



Tabte A.9.5 Overview of Spatial Decoder 



memory map 



(•^tx) num. 




«top_art#rjictuff,tv«nt 




not used 

reMrvtd wni% 0 to this location 







SA 






0x03 1 


num. 
7 1 




Pa9« references 



6 


7" 

I <dct,too.many_mesk j 


5 


«ccepi_ene6*«^m«ti5 j 


4 


Ur9et_met_masir j 


3 


counter. flu«h«d_too.«*rty,m««K j 


2 


countef_fiutfi*d.ma«ic | 


t 


P«r««f.m«ek " ' j " ■ 


0 





e A. 9. 6 Interrupt servic* area registers (contd) 
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(hex) 


Bit 
num. 


Register N«m« 




0x04 


7 


cod«d.bu«y 






6 


•na6i#_mp|jnput 






' 1 








« 1 


-tot used ] 





CxOS 
CzS6 
0x07 

cxce 



0 I codcd.cau 
0 I not 

notus«d 
not uMd 

«tart.cod«.d««»ctor.«ci 
•to input_cjreuft.«cc««« 

C£"0.SCCL4CC£SS 



0x09 


1 - 


not UM C€D,SC£>^COrmOL ( 




3 






2 


discard.tnmien.dau t 




t 


di«cafd_u»«f_datt | 




0 


ignort.flon.ali^n^d i 


OxOA 


7,5 


not iMd CSD_SC0,STA7VS 1 




4 






3 


discard.air^dau i 




2:0 1 


start_cod«.««arcn | 



input circuit registers 



A<3df. 
(hex) 


Sit 
nuiTL 


R«9tst«f N4m« 


Pagt r«r«r«nccs 


OxOB 


7:0 


Test fegi««f %ngtf»_coum 




OrOC 7:0 


0x00 


72 


not uMd 




1:0 


$un.cod«_d#t«ctof.codmg^sundafd 




OrOE 


7:0 






OxOP 


7:4 






3:0 


pictuft.numtwf 





input circurt registers (contd) 



Acer, 
(.••.ex) 
CxlO 



3it 
num. 
7:1 



Register Nsme 



not used 



ttsnup.eecess CBD^BS^aCCSSS 



Page r«ftr»nce$ 



0x11 



0x12 



7:3 



2:0 



7:0 



not used 



fcit.coont_presce*e C£D^BS^PftesCAL£ 



bit.count.target CED^BS^TARGBT 



0x13 



7:0 



bit.count CBD^BS.COUNT 



7:1 



not used 



offcftip.Queue CBD^BS^OUEUS 



OztS 



7:1 



not used 



Tabte A.9.8 Buff r start-up registers 
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H 
Si 



3 V- 



hi 



(hex) 


Si( 
num. 


Rcytsicr Name 


Pige fe^€fences 


Oil 8 


7:5 


notus«d 




4:0 






0x19 1 7:4 






1 " 


fMd.cycie.J^ngtft 




OxlA 1 7:4 


notusftd 




j 3:0 





Tabte A.9.9 ORAM intertace configuration registers 



Li-.:. 



7:4 



not iMd 



OxiC 
CxlO 

OzlF 
0x20 



3:0 
7:4 



rtfr•«^_cyc^.^€ngtft 



notus«<J 



3:0 
7:4 
3:0 
7:1 
0 
7.-0 
7 



not 

fiAS Jailing 
notus«d 

inttrt»ct.tJmlng_acc«si 
ftfnt«h.lnttfvai 
notus«d 



0x21 



0x22 



7:6 



0«AM_addr_stf*ngtft(2:0) 



CAS.ttf«ngmf2;0J 



WAS.«tf«ngm(2J 
f'AS.ttrtngtnfl.-OJ 



ACCESS bit for pad itrmrb tic ?not 




0^ 3 I 7.D I Twf^y^^cfO^Pg^ffcs^co^^. g- 
Tab^eA.S.S DRAM interface configuration registers (contd) 
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Afldr. 
(hex) 


an 






0x00 


7fl 


US€d 




0x01 


72 




1:0 






0x02 


7:0 




0x03 


7.-0 




0x04 


7:0 


no( uMd 




uxwS 


72 




1:0 






0x06 


7:0 




0x07 


7:0 




0x08 


7.-0 


notuMd 


1 1 


0x09 


7:0 


cd6.r«ad 




OxOA 


7:0 




oxoe 


7:0 




OxOC 


7:0 


not uM 1 


0x00 j 7.-0 


cdb_num5«r 




OxOE 


7.-0 




OxOP 


7:0 


OztO 


7:0 


not us«d j 




j Ox 1 1 


7:0 




1 


j 0X12 


7:0 




0x13 


7.-0 




0X14 


7.-0 






OxiS 


7.-0 








0x16 


7:0 




0x17 


7:0 




0x18 


7.-0 


noiiMd 






0x19 


7:0 








OxiA 


7:0 




Oxie 


7:0 




OxiC 1 7:0 1 notua«d 




j 0x10 [ 7:0 1 






{ OxiE 


7:0 


OxiF 


7:0 



Ta5<e A.9.11 Buffer manager extended address space 





rUlTTL 


^^ister Name 


PaQt references 










7.-0 




1 










0X23 


7:0 






0x24 


7:4 


not as«d 






3 


cdb.fuii 


^1 




2 








\ 








0 


tb.tmpty ^— ^— — - 





Table A.9.11 Buffer manager extended address 



space (contd) 



Addr. 
(hex) 
0x28 



art 
num. 



R«9tster Name 



Pagt references 



6:4 

3:0 



Oa^ 
0x2A 



0x28 



7:0 
7:4 
3.-0 



7:0 
7.-0 



huffm«n,efTor,cooe;2;0) Ceo,H^CTR^f€:4l 



pnviid hufrm«n control bfts (3) seiecu special 
C8R [2) — 4ecta 4/B bit Hsed iengm CBP 



P«r— f,»fTOf ,eode C£D^H^OMUX_eRR 
now 



^•nunr.iseytioM.eddftes 



0t2C 
0x20 



^•«Hix , h eyt i o>e.d«ti C£D h 



KEYHOLE 



d4immy_i«,t^ctufe CED^h^alu^reco, 



6 

5:1 



fmiajnto CED^H,ALU,mECO, /./fe/tf.^/c. 



not 



0x2E 
0x2F 



7:0 
7:0 



rom.r«vi»4dn C£0,H_ALU_BEG t 
pnv«(e register 



Table A.9.12 Video demux registers 
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Addr. 
(hex) 


Bit 
num 


Register Name 


Page references 


VJaUU 

O.OF 


7n 
/ .\j 


lltJL UoCU 






70 


hnriy nf^l^ r hnriy r)p/<? 


124,133 


0x11 


70 
/ .u 


W A i 


7*0 


verf _pe/s r_vert_pels 


124,133 


UA i O 


7n 


0x14 




1 lUL LlOCU 






hi iffor ciTor Ki iffor qitcv 


197 


0x15 


7-n 


UX 1 D 


7-A 


not used 




O.VJ 


pel_aspect r_pel_aspect 


127 


HyI 7 

UA 1 / 


7-9 


1 }\Jl UocU 




1 .u 


UlL talc / UU falty 


1 97 
1 ^ f 


Ua 1 O 


7-n 


Ua 1 53 


70 


UA 1 /A 


7A 


1 IKJl, UoCLl 




o.u 




197 


0x1 B 


7:1 


not used 






0.00 


constrained r_constrained 


127 


0x1 C 


7:0 


picture_type 


127 


0x1 D 


7:0 


h261_pic_type 


127 



Table A.9.13 Video demux extended address space (Sheet 1 of 8) 
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Addr. 
(hex) 


Bit 
num 


Register Name 


Page references 


0X1 E 


7:2 


not used 




1:0 


broken closed 


127 


0x1 F 


7:5 


not used 




4:0 


predictjon_mode 


127 


0x20 


7:0 


vbv_de!ay 


127 


0x21 


7:0 


0x22 


7:0 


private register MPEG fu!Lpel_fwd, JPEG 
pending__frame_change 




0x23 


7:0 


private register MPEG full_pel_bwd. JPEG 
restartjndex 




0x24 


7:0 


private register horiz__nnb_copy 




0x25 


7:0 


pic_number 


127 


0x26 


7:1 


not used 






1:0 


max h 


124, 133 


0x27 


7:1 


not used 




1:0 


max V 


124. 133 


0x28 


7:0 


private register scratch 1 




0x29 


7:0 


private register scratch2 




0x2A 


7:0 


private register scratch3 




0x2B 


7:0 


nf MPEG unused 1, H261 ingob 


124 


0x2C 


7:0 


private register MPEG first_group, JPEG first- 
scan 




0x2D 


7:0 


private register MPEG in_plcture 




0x2E 


7 


dummy Jast_picture r_rom_control 


122 


6 


field info 


122 


5:1 


not used 




0.00 


continue 


122 


0x2F 


7:0 


rom revision 


122 


0x30 




noi useu 




1:0 


dc huff 0 


126 


0x31 


7\2 


not used 




1:0 


dc huff 1 


126 


0x32 


7:2 


not used 




1:0 


dc_huff_2 


126 



Table A.9.13 Video demux extneded address space (Sheet 2 of 8) 
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Addr. 
(hex) 


Bit 
num 


Register Name 


Page references 


0x33 


7:2 


not used 




1:0 


dc huff 3 


126 


0x34 


7:2 


not used 






1:0 


ac huff 0 


126 


0x35 


7:2 


not used 




1:0 


ac huff 1 


126 


0x36 


7:2 


not used 




1:0 


ac huff 2 


126 


0x37 


7:2 


not used 




1:0 


ac huff 3 


126 


0x38 


7:2 


not used 




1:0 


tq__0 r_tq_0 


124 


0x39 


7:2 


not used 




1:0 


tq_1 r_tq_1 


124 


0x3A 


7:2 


not used 




1:0 


tq_2 r_tq_2 


124 


0x3B 


7:2 


not used 




1:0 


tq_3 r_Jq_3 


124 


0x3C 


7:0 


component_name_0 r_c_0 


124 


0x3D 


7:0 


component_name_1 r_c_1 


124 


0x3E 


7:0 


nanne 2 r c 2 


124 


0x3F 


7:0 


component_name_3 r_c_3 


124 


0x40 
0x63 


7:0 


private registers 




0x40 


7:0 


r__dc_pred_0 




0x41 


7:0 




0x42 


7:0 


r_dc_pred_1 




0x43 


7:0 




0x44 


7:0 


r_dc_pred_2 




0x45 


7:0 




0x46 


7:0 


r dc pred 3 




0x47 


7:0 




0x48 
Ox4F 


7:0 


not used 




Table A.9.13 Video demux extended address space 


She t3of8) 
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Addr. 
(hex) 


Bit 
num 


Register Name 


Page references 


0x50 


7:0 


r prev mhf 




0x51 


7:0 




0x52 


7:0 


r_prev_mvf 




0x53 


7:0 




0x54 


7:0 


r_prev_mhb 




0x55 


7:0 




0x56 


7:0 


r_prev_mvb 




0x57 


7:0 




0x58 


7:0 


not used 




0x60 


7:0 


r_horiz_mbcnt 




0x61 


7:0 






0x62 


7:0 


r_vert_mbcnt 




0x63 


7:0 




0x64 


7:0 


horiz__macrobIocks r_horiz_mbs 




0x65 


7:0 




0x66 


7:0 


vert^macroblocks r_vert_mbs 




0x67 


7:0 




0x68 


7:0 


private register r_restart„cnt 




0x69 


7:0 




0x6A 


7:0 


restartjnterval r_startjnt 




0x6B 


7:0 




0x6C 


7:0 


private register r_blk_h_cnt 




0x6D 


7:0 


private register r_blk_v-cnt 




0x6E 


7:0 


private register r_compid 




0x6 F 


7:0 


max_componentJd r_nnax_compid 




0x70 


7:0 


coding_standard r_coding_std 




0x71 


7:0 


private register r_pattern 




0x72 


7:0 


private register r_fwd_r_slze 




0x73 


7:0 


private register r_bwd_r_size 




0x77 


70 


1 IKJl UOCVJ 




0x78 


7.2 


not used 




1:0 


blocks_h_0 r_blk_h_0 




Table A.9.13 Video demux extended address space 


[ Sheet 4 of 8) 
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Addr 
(hex) 


Bit 
num 


Register Name 


Page references 


0x79 


7:2 


not used 




1:0 


blocks h 1 r bik h 1 




0x7A 


7:2 


not used 




1:0 


blocks_h_2 r_blk_h_2 




0x7B 


7:2 


not used 




1:0 


blocks_h_3 r_blk_h_3 




0x7C 


7:2 


not used 




1:0 


blocks_v_0 r_blk_v_0 




0x7D 


7:2 


not used 




1:0 


blocks_v_1 r_blk_v_1 




0x7E 


7:2 


not used 




1:0 


blocks V 2 r bik V 2 




0x7F 


7:2 


not used 




1:0 


blocks_v_3 r_blk_v_3 




0x7F 


7:0 


not used 




0x100 


7:0 


dc_bits_0[15:0] CED„H_KEY_DC_CPBO 




0x110 


7:0 


dc_bits_1[15:0] CED_H_KEY_DC_CPB1 




0x120 


7:0 


not used 




0x140 


7:0 


ac_bits_0[15:0] CED_H_KEY_AC_CPBO 




Uxl bU 
ua 1 or 


f.U 


ac_DltS_1[10.UJ CbL)_n_KbY_AL-_OHo1 




UX 1 DU 

0x17F 


f .u 






uxn C5U 


v-n 
f ,\j 


ac_zssss_u otiu_n_r\t T_/.oooo_iiNUt:AU 




UX 1 0 1 


/ .u 


ac__zssss_ 1 otu_n_i\t:T_z.ooo__iiNLJtiAi 




0x182 
0x187 


7:0 


not used 




0x188 


7:0 


ac_eob_0 CED_H_KEY_EOBJNDEX0 





Table A.9.13 Video demux extend d address space ( Sh et 5 of 8) 



□ 



m 

61 



hi. 

m 



1 . 24 4 




Brt 






ftu/n. 






space (Sheet 6 f 8) 



%| 

i; 

rii 

s i: 

s 

hi. 





Bn 




num. 


0x850 


7:0 
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Tat))eA.9.l3 Vicieo demux 



extended address space (Sheet 7 of 8) 
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Brt 
num. 




I 


OxAC 
8 


7:0 


CE0.K£Y.0MX_won0.8 


1 


OxAC 
9 


7:0 


C£D_K£Y_CMX.VV0R0_9 




OxAC 
A 

OxAC 
S 


7:0 


not us«d 




OxAC 
C 


7:0 


Cc 0_K£ Y.OM X. AINCR 




OxAC 
D 


7:0 






OxAC 
E 


7:0 


CED.KEY.OMX.CC 




OxAC 
P 


7:0 


1 

t 

i 



I i 

^.9.13 Video demux extended address space (Sheet 3 of 8) 



Aodr. 


Bit 






(h«x) 


num. 




Page references 




7:1 




0x30 


7:1 






0 




1 


0x31 


7:2 


not us«d 




1:0 


iq.coding^tand«rd j 


0x32 


7:5 


not used 




4.-0 


lest renter iq_scat« | 


0x33 


7:2 


not used | 




i.-o 


test register iq^component | 


0x34 


1 


no( used 1 






1:0 j 


test regtsier 'nver»e.qu.nii,er_pf«flietion.moae | 


1 


0x35 


1 


test register Ipeg^mdlrecdon | 


1 



Table A.9.14 Inverse quantiser registers 



• 
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AQCt. 


Bn 






(hex) 


num. 


Register Name 


1 


0x36 




not usea 


i 




1:0 


test re^s:er mpeg.inairection j j 


0x37 


7:0 


not used 1 1 


0x36 


7:0 


iq.taei«.keyhole.aodress { 


1 


0x39 


7:0 


lq_ueie.ktynofe.dau | 


! 



. 9,14 Inverse quantizer registers (contd) 



0xOO:Ox3F 


JP£G Inverse quantisauon uoie 0 
MPEG default intra tadfe 




0i4O:0x7F 


JP£G Inverse cuantisaoon uoie i 
MPEG default norvtnca ubie 




OxSOrOxSP 


JPEG Inverse quanosauon uote 2 
MPEG iown.ioaded inn table 




OxCO:OxFr 


JPEG inverse cuanosaDan udie 3 
MPEG dowr\-ioeded norvmira Ubie 


i 
1 



Table A. 9. 15 Iq table extended address space 



SECTION A. 10 Coded data input 

The system in accordance with the present invention, 
must know what video standard is being input for 
processing. Thereafter, the system can accept either pre- 
existing Tokens or raw byte data which is then placed into 
Tokens by the Start Code Detector. 

Consequently, coded data and configuration Tokens can be 
supplied to the Spatial Decoder via two routes: 

• The coded data input port 

•The microprocessor interface (MPI) 

The choice over which route (s) to use will depend upon 
the application and system environment. For example, at 
low data rates it might be possible to use a single 
microprocessor to both control the decoder chip-set and to 
do the system bitstream de-multiplexing. In this case, it 
may be possible to do the coded data input via the MPI. 
Alternatively, a high coded data rate might require that 
coded data be supplied via the coded data port. 

In some applications it may be appropriate to employee a 
mixture of MPI and coded data port input. 



The coded data port 



codtd, clock 
cooto_aata(7;0j 



cod«tf.tjtn 



codtd.yaiid 



codtd.acctpt 



Input / 
OutouT 
'nput 

Input 



Input 



'nput 



Output 



'nput 



A clocic openung at up to 30 MHz contromng re" 
OOf •Don 0/ tft< input circuit. 
T>^? standvd ti wtres r.quired lo .mp.emen, a 
Token PofT trtnj/arring 6 tMt data values. See sec: 
'Of an electrical descnpoon oi :r.,s 



A.4 
interface, 



Circuits off<h,o must paccage i-^e cocec ;a:a .r:o 
Tokens. 

When ftign tm* signet indicates mat .nformation 
^ O'^ni'^rred across the coded data pon .n ^ye 
moa0 ratf>ef than Tok^n moce. 



Table A^lO.i Coded data port signals 
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Thea_CQded data port in accordance with the priesent 
invention, can be operated in two modes: Token node and 
byte mode . 

A. 10. 1.1 Token mode 

In the present invention, if byte_mode is low, then the 
coded data port operates as a Token Port in the normal way 
and accepts Tokens under the control of coded_valid and 
c6ded_accept. See section A. 4 for details of the 
electrical operation of this interface. 

The signal byte_mode is sampled at the same time as data 
•7:0;, coded_extn and coded_valid, i.e., on the rising edge 
of coded_clock. 
A. 10. 1.2 Byte mode 

If, however, byte_node is high, then a byte of data is 
transferred on datai7:0] under the control of the two wire 
interface control signals coded_valid and coded_accept . In 
this case, coded_extn is ignored. The bytes are 
subsequently assembled on-chip into DATA Tokens until the 
input mode is changed. 

1) First word ("Head") of Token supplied in token mode. 

2) Last word of Token supplied (coded_extn goes low). 

3) First byte of data supplied in byte mode. A new 
DATA Token is automatically created on-chip. 

A. 10.2 Supplying data via the MPI 

Tokens can be supplied to the Spatial decoder via the 
MPI by accessing the coded data input registers. 
A. 10.2.1 Writing Tokens via the MPI 

The coded data registers of the present invention are 
grouped into two bytes in the memory map to allow for 
efficient data transfer. The 8 data bits, coded_data : 7 : o ; , 
are in one location and the control registers, coded_busy, 
enable_mpi_input and coded_extn are in a second location. 
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(See Table A.9.7). 

When configured for Token input via the MPI, the current 
Token is extended with the current value of coded_extn each time a 
5 value is written into coded_data[7:0]. Software is responsible for 
setting coded_extn to 0 before the last word of any Token is written to 
coded__data[7:0]. 

For example, a DATA Token is started by writing 1 into 
coded_extn and then 0x04 into coded_data[7:0]. The start of this new 
10 DATA Token then passes into the Spatial Decoder for processing. 

Each time a new 8 bit value is written to coded_data[7:0], the 
current Token is extended. Coded_extn need only be accessed again 
when terminating the current Token, e.g. to introduce another Token. 
The last word of the current Token is indicated by writing 0 to 
15 coded_extn followed by writing the last word of the current Token into 
coded_data[7:0]. 



Register name 


SizeVDi 
r. 


Reset 
State 


Description 


coded_extn 


1 

rw 


X 


Tokens can be supplied to the Spatial Decoder 
via the MPI by writing to these registers. 


coded_data[7:0J 


8 
w 


X 




coded_busy 


1 
r 


1 


The state of this registers indicates if the Spatial 
Decoder is able to accept Tokens written into 
coded_data [7:0]. 

The value 1 indicates that the interface is busy and 
unable to accept data. Behaviour is undefined if the 
user tries to write to coded_data [7:0] when 
coded_busy = 1 . 


enable_mpi-input 


1 

rw 


0 


The value in this function enable registers 
controls whether coded data input to the Spatial 

Decoder is via the coded data port (0) or via the MPI 

(D- 



Table A.10.2 Coded data input registers 
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Each time before writing to coded_data[7:0], coded_busy should be 
inspected to see if the interface is ready to accept more data. 

A. 10.3 Switching between input modes 

Provided suitable precautions are observed, it is possible to 
dynamically change the data input mode. In general, the transfer of a Token 
via any one route should be completed before switching modes. 



Previous Mode 


Next Mode 


Behaviour 


Byte 


Token 


The on-chip circuitry will use the last byte supplied in 
byte mode as the last byte of the DATA Token that it 
was constructing (i.e. the extn bit will be set to 0). 
Before accepting the next token. 


MPI input 



Table A.10.3 Switching data input modes 
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Previous Mode 


Next Mode 


Behaviour 


Token 


Byte 


The off-chip circuitry supplying the Token in Token 
mode is responsible for completing the Token (i.e. with 
the extn bit of the last byte of information set to 0) 
before selecting byte mode. 


MPI input 


Access to input via the MPI will not be granted (i.e. 
coded_busy will remain set to 1) until the off-chip 
circuitry supplying the Token in Token mode has 
completed the Token (i.e. with the extn bit of the last 
byte of information set to 0). 


MPI input 


Byte 


The control software must have completed the Token 
(i.e. with the extn bit of the last byte of Information set to 
0) before enable_mpi_input is set to 0. 


MPI input 



Table A.10.3 Switching data input modes (contd) 



The first byte supplie<d in byte mode causes a DATA Token 
header to be generate<d on-chip. Any further bytes transferred in 
byte mode are thereafter appended to this DATA Token until the 
5 input mode changes. Recall, DATA Tokens can contain as many 
bits as are necessary. 

The MPI register bit, coded busy, and the signal, coded_accept, 
indicate on which interface the Spatial decoder is willing to accept 
data. Correct observation of these signals ensures that no data is 
10 lost. 

A.10.4 Rate of accepting coded data 

In the present invention, the input circuit passes Tokens to the 
Start Code Detector (see section A.1 1). The Start code Detector 
analyses data in the DATA Tokens bit serially. The Detector's 
15 normal rate of 



proceswiag is one bit per clock cycle (of coded_clock ) . 
Accordingly, it will typically decode a byte of coded data 
every 8 cycles of coded_clock. However, extra processing 
cycles are occasionally required, e.g., when a non-DATA 
Token is supplied or when a start code is encountered in 
the coded data. When such an event occurs, the Start Code 
Detector will, for a short time, be unable to accept more 
information . 

After the Start Code Detector, data passes into a first 
logical coded data buffer. If this buffer fills, then the 
Start Code Detector will be unable to accept more 
information. 

Consequently, no more coded data (or other Tokens) will 
be accepted on either the coded data port, or via the MPI, 
while the Start Code Detector is unable to accept more 
information. This will be indicated by the state of the 
signal coded_accept and the register coded_busy. 

By using coded_accept and/or coded_busy , the user is 
guaranteed that no Coded information will be lost. 
However, as will be appreciated by one of ordinary skill in 
the art, the system must either be able to buffer newly 
arriving coded data (or stop new data for arriving) if the 
Spatial decoder is unable to accept data. 
A. 10.5 Coded data clock 

in accordance with the present invention, the coded data 
port, the input circuit and other functions in the Spatial 
Decoder are controlled by coded_clock. Furthermore, this 
clock can be asynchronous to the main decoder_clock . Data 
transfer is synchronized to decoder_clock on-chip. 
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SECTION A,11 Start code detector 

A. 11.1 Start codes 

As is well known in the art, MPEG and H.261 coded video 
streams contain identifiable bit patterns called start codes. A 
similar function is served in JPEG by marker codes. 
Start/marker codes identify significant parts of the syntax of the 
coded data stream. The analysis of start/marker codes 
performed by the Start Code Detector is the first stage in parsing 
the coded data. The Start Code Detector is the first block on the 
Spatial Decoder following the input circuit. 

The start/marker code patterns are designed so that they 
can be identified without decoding the entire bitstream. Thus, 
they can be used in accordance with the present invention, to 
help with error recovery and decoder start-up. The Start Code 
Detector provides facilities to detect errors in the coded data 
construction and to assist the start-up of the decoder. 

A.1 1 .2 Start code detector registers 

As previously discussed, many of the Start Code Detector 
registers are in constant use by the Start Code Detector. So, 
accessing these registers will be unreliable if the Start Code 
Detector is processing data. The user is responsible for ensuring 
that the Start Code Detector is halted before accessing its 
registers. 

The register start_code_detector__access is used to halt 
the Start Code Detector and so allow access to its registers. 
The Start Code Detector will halt after it generates an interrupt. 

There are further constraints on when the start code 
search and discard all data modes can be initiated. These are 
described in A. 11.8 and A.1 1.5.1. 
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Register name 


Size/Dir. 


Reset State 


Description 


start_code_detector_access 


1 


0 


Writing 1 to this register requests that the start 








code detector stop to allow access to its registers. 




rw 




The user should wait until the value 1 can be read 








from this register indicating that operation has 








stopped and access is possible. 



Table A,11.1 Start code detector 
Registers (Sheet 1 of 5) 
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Register Name 


Size/Dir. 


Reset State 


Description 


illegalJength_count_event 


1 

rw 


0 


An illegal length count event will occur if 
while decoding JPEG data, a length count 
field is found carrying a value less than 2. 
This should only occur as the result of an 


illegalJength_count_mask 


1 

rw 


0 


error in the JPEG data. 

If the mask register Is set to 1 then an 
interrupt can be generated and the start 
code detector will stop. Behaviour 
following an error is not predictable if this 
error is suppressed (mask register set to 
0). SeeA.11.4.1. 


jpeg_overlapping_start_event 


1 


0 


If the coding standard is JPEG and the 




rw 




sequence OxFF OxFF is found while 






looking for a marker code this event will 
occur. This sequence is a legal stuffing 
sequence. If the mask register is set to 1 
then an interrupt can be generated and the 
start code detector will stop. See 
A.11.4.2. 


jpeg_overlapping_start_mask 


1 

rw 


0 


overlapping_start_event 


1 


0 


If the coding standard is MPEG or H.261 




rw 




and an overlapping start code is found 






while looking for a start code this event will 
occur. If the mask register is set to 1 then 
an interrupt can be generated and the start 
code detector will stop. 

See A.11.4.2 . 


Overlapping_start_mask 


1 

rw 


0 



Table A.11.1 Start code detector Registers (Sheet 2 of 5) 
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Register Name 



0) 
N 



Description 



u n recog n i sed_sta rt_e ve n t 



1 

rw 



u n recog n ised_sta rt_m ask 



1 

rw 



start value 



ro 



If an unrecognised start code is 
encountered this event will occur. If the 
mask register is set to 1 then an interrupt 
can be generated and the start code 
detector will stop. 

The start code value read from the 
bitstream is available in the register 
start_value while the start code detector 
is halted. SeeA.11.4.3 

During normal operation start_value 
contains the value of the most recently 
decoded start/marker code. 

Only the 4 LSBs of start_value are used 
during H.261 operation. The 4 MSBs will 
be zero. 



stop_after_picture_event 



1 

rw 



stop_after_picture_mask 



1 

rw 



stop_after_picture 



1 

rw 



If the register stop_after_picture is set to 
1 then a stop after picture event will be 
generated after the end of a picture has 
passed through the start code detector. 



If the mask register is set to 1 then an 
interrupt can be generated and the start 
code detector will stop. See A. 11.5.1 
stop_after_picture does not reset to 0 
after the end of a picture has been 
detected so should be cleared directly. 



Table A. 11.1 Start code detector Registers (Sheet 3 of 5) 
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Register Name 


Size/Dir. 


Reset State 


Description 


non_aligned_start_event 


1 

rw 


0 


When ignore_non_aligned is set to 1, start 
codes that are not byte aligned are ignored 
(treated as normal data) 

When ignore_non_aligned is set to 0, H.261 








and MPEG start codes will be detected 
regardless of byte alignment and the non- 
aligned start event will be generated. If the 
mask register is set to 1 then the event will 
cause an interrupt and the start code 
detector will stop. See A. 1 1 .6. 


non_alignecl_start_mask 


1 

rw 


0 


lgnore_non_aligned 


1 

rw 


0 


If the coding standard is configured as 
JPEG lgnore_non_aligned is ignored and 
the non-aligned start event will never be 
generated. 


discard_extension_data 


1 


0 


When these registers are set to 1 extension 




rw 




or user data that cannot be decoded by the 






Spatial Decoder is discarded by the start 


discard_user_data 


1 

rw 


0 


code detector. SeeA.11.3.3. 


discard_all_data 


1 


0 


When set to 1 all data and Tokens are 




rw 




discarded bv the start code detector This 






continues until a FLUSH Token is supplied 
or the register is set to 0 directly. 

The FLUSH Token that resets this register 
is discarded and not output by the start 
code detector. SeeA.11.5.1. 


lnsert_sequence_start 


1 

rw 




See A.11.7 

j 

1 
i 



TabI A.1 1 .1 Start code detector Registers (Sheet 4 of 5) 
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Register Name 


Size/Dir. 


Reset State 


Description 




start_code_search 


3 

rw 


5 


When this register is set to 0 the start 
code detector operates nornnally. When 
set to a higher value the start code 
detector discards data until the specified 
type of start code is detected. When the 










specified start code is detected the 


H 








register is set to 0 and normal operation 


\|; 
SI 








follows. See A.11.8 . 


ni 


start_cocle_detector_coding_standard 


2 


0 


This register configures the coding 


•snp- 
1 ^ !^ 




rw 




standard used by the start code detector. 
The register can be loaded directly or by 


CI 








using a CODING^STANDARD Token 










Whenever the start code detector 










generates a CODING^STANDARD 










Token (see A. 11.7.4 on page 109) it 
carries Its current coding standard 
configuration. This Token will then 
configure the coding standard used by all 
other parts of the decoder chip-set. See 
A.21.1 on page 180 and A.1 1.7. 




picture_number 


4 
rw 


0 


Each time the start coded detector 
detects a picture start code in the data 
stream (or the H.261 or JPEG 
equivalent) a 

PICTURE^START Token is generated 
which carries the current value of 
picture_number. This register then 
increments. 



Table A.11.1 Start code detector Registers (Sheet 5 of 5) 
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Register Name 


Size/Dir. 


Reset State 


Description 


length_count 


16 


0 


This register contains the current value of the 




rO 




JPEG length count. This register is modified 








under the control of the coded data clock and 








should only be read via the MPI when the 








start code detector is stopped. 



Table A.1 1.2 Start code detector test registers 



A. 11. 3 Conversion of start codes to Tokens 

In normal operation the function of the Start Code 
Detector is to identify start codes in the data stream and to then 
convert them to the appropriate start code Token. In the 
5 simplest case, data is supplied to the Start code Detector in a 
single long DATA Token. The output of the Start Code Detector 
is a number of shorter DATA Tokens interleaved with start code 
Tokens. 

Alternatively, in accordance with the present invention, 
10 the input data to the Start Code Detector could be divided up 
into a number of shorter DATA Tokens. There is no restriction 
on how the coded data is divided into DATA Tokens other than 
that each DATA Token must contain 8 x n bits where n is an 
integer. 

15 Other Tokens can be supplied directly to the input of the Start 
Code Detector. In this case, the Tokens are passed through 
the Start Code Detector with no processing 



to oth^ -stages of the Spatial Decoder. These Tokens can 
only be inserted just before the location of a start code 
in the coded data. 
A.n.3.1 Start code formats 

Three different start code formats are recognized by the 
Start Code Detector of the present invention. This is 
configured via the register, 
s^^^^_code_detector_coding_standard. 



Siza el suR ::ce vaiue 




Table A. 11.3 start code formats 
A. 11. 3. 2 Start code Token equivalents 

Having detected a start code, the Start Code Detector 
studies the value associated with the start code and 
generates an appropriate Token. m general, the Tokens are 
named after the relevant MPEG syntax. However, one of 
ordinary skill in the art will appreciate that the Tokens 
can follow additional naming formats. The coding standard 
currently selected configures the relationship between 
start code value and the Token generated. This 
relationship is shown in Table A. 11, 4. 




T*ble A.ii.4 TolcMs from start ced« values 

This Token contains an 8 bit data field which is 
loaded with a value determined by the start code 
value . 

Indicates start of baseline OCT encoded data. 
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A. 11.4*3^ Extended features of the coding standards 

The coding standards provide a number of mechanisms to 
allow data to be embedded in the data stream whose use is 
not currently defined by the coding standard. This might 
be application specific "user data" that provides extra 
facilities for a particular manufacturer. Alternatively, 
it might be "extension data". The coding standards 
authorities reserved the right to use the extension data to 
add features to the coding standard in the future. 

Two distinct mechanisms are employed. jpeg precedes 
blocks of user and extension data with marker codes. 
However, H.261 inserts "extra information" indicated by an 
extra information bit in the coded data. MPEG can use both 
these techniques. 

In accordance with the present invention, MPEG/JPEG 
blocks of user and extension data preceded by start/marker 
codes can be detected by the Start Code Detector. 
H.261/MPEG "extra information" is detected by the Huffman 
decoder of the present invention. See A. 14.7, "Receiving 
Extra Information". 

The registers. discard_extension_data and 
discard_user_data, allow the Start Code Detector to be 
configured to discard user data and extension data. if 
this data is not discarded at the Start Code Detector it 
can be accessed when it reaches the Video Demux see A. 14.6, 
"Receiving User and Extension data". 

The Spatial Decoder, of the present- invention supports 
the baseline features of JPEG. The non-baseline features 
of JPEG are viewed as extension data by the Spatial 
Decoder. So, all JPEG marker codes that precede data for 
non-baseline JPEG are treated as extension data. 
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JPBO Tabl« d«fiBltl as 

JPEG supports down loaded Huffman and quantizer tables. 
In JPEG data, the definition of these tables is preceded by 
the marker codes DHL and DQT. The Start Code Detector 
generates the Tokens DHT_MARKER and DQT_MARKER when these 
marker codes are detected. These Tokens indicate to the 
Video Demux that the DATA Token which follows contains 
coded data describing Huffman or quantizer table (using the 
formats described in JPEG) • 
A. 11. 4 Error detection 

The Start Code Detector can detect certain errors in the 
coded data and provides some facilities to allow the 
decoder to recover after an error is detected (see A. 11.8, 
**Start code searching") . 
A. 11. 4*1 Zllegal JPBQ length count 

Most JPEG marker codes have a 16 bit length count field 
associated with them. This field indicates how much data 
is associated with this marker code. Length counts of 0 
and 1 are illegal. An illegal length should only occur 
following a data error. In the present invention, this 
will generate an interrupt if illegal_length_count_mask is 
set to 1. 

Recovery from errors in JPEG data is likely to require 
additional application specific data due to the difficulty 
of searching for start codes in JPEG data (see A. 11. 8.1). 
A. 11. 4 .2 Overlapping start/marker codes 

In the present invention, overlapping start codes should 
only occ\ir following a data error. An MPEG, byte aligned, 
overlapping start code is illustrated in Figure 64, Here, 
the Start Code Detector first sees a pattern that looks 
like a picture start code. Next the Start Code Detector 
sees that this picture start code is overlapped with a 
group start. Accordingly, the Start Code Detector 
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generates a overlapping start event. Furthennore, the 
Start C de Detector will generate an interrupt and stop if 
overlapping_start_mask is set to 1. 

It is impossible to tell which of the two start codes is 
5 the correct one and which was caused by a data error. 
However, the Start Code Detector in accordance with the 
present invention, discards the first start code and will 
proceed decoding the second start code "as if it is 
correcf after the overlapping start- code event has been 
10 serviced. If there are a series of overlapped start codes, 
7n the Start Code Detector will discard all but the last 

SI (generating an event for each overlapping start code) • 

v/f Similar errors are possible in non byte-aligned systems 

fU {H.261 or possibly MPEG). In this case, the state of 

15 ignore_non_aligned must also be considered • Figure 65 

illustrates an example where the first start code found is 
byte aligned, but it overlaps a non-aligned start code. If 
ignore_non_aligned is set to 1, then the second overlapping 
start code will be treated as data by the Start Code 

2 0 Detector and, therefore no overlapping start code event 
will occur. This conceals a possible data communications 
error. If ignore_non_aligned is set to 0, however the 
Start Code Detector will see the second, non aligned, start 
code and will see that it overlaps the first start code. 

25 X. 11.4 .3 Unrecognised start codes 

The Start Code Detector can generate an interrupt when 
an unrecognized start code is detected (if 

unrecogni2ed_start_mask = 1) . The value of the start code 
that caused this interrupt can be read from the register 

3 0 start_value. 
The start code value 0xB4 (sequence error) is used in 

MPEG decoder systems to indicate a channel or media error. 
For example, this start code may be inserted into the data 
by an ECC circuit if it detects an error that it was unable 



s 
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to coBcect. 

A. 11. 4. 4 Sequence of event generation 

In the present invention, certain coded data patterns 
(probably indicating an error condition) will cause more 
than one of the above error conditions to occur within a 
Short space of time. Consequently, the sequence in which 
the Start Code Detector examines the coded data for error 
conditions is: 

1) Non-aligned start codes 

2 ) Over lapping start codes 

3 ) Unrecognized start codes 

Thus, if a non-aligned start code overlaps another, 
later, start code, the first event generated will be ' 
associated with the non-aligned start code. - After this 
event has been serviced, the Start Code Detector's 
operation will proceed, detecting the overlapped start code 
a short time later. 

The Start Code Detector only attempts to recognize the 
start code after all tests for non-aligned and overlapping 
start codes are complete. 
A. 11. 5 Decoder start-up and shutdown 

The Start Code Detector provides facilities to allow the 
current decoding task to be completed cleanly and for a new 
task to be started. 

There are limitations on using these techniques with 
JPEG coded video as data segments can contain values that 
emulate marker codes (see A.li.s.i). 
A. 11. 5.1 Clean end to decoding 

The Start Code Detector can be configured to generate an 
interrupt and stop once the data for the current picture is 
cor.plete. This is done by setting stop_af ter_picture = i 
and stop_af ter_picture_mask = i. 

Once the end of a picture passes through the Start Code 
Detector, a FLUSH Token is generated (A. 11. 7. 2), 
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an intwr.upt is generated, and the Start Code Detector 
stops. Note that the picture just completed will be 
decoded in the normal way. in some applications, however, 
it may be appropriate to detect the FLUSH arriving at the' 
output of the decoder chip-set as this will indicate the 
end of the current video sequence. For example, the 
display could freeze on the last picture output. 

When the start Code Detector stops, there may be data 
from the "old" video sequence "trapped" in user implemented 
buffers between the media and the decode chips. Setting 
the register, discard_all_data , will cause the Spatial 
Decoder to consume and discard this data. This will 
continue until a FLUSH Token reaches the Start Code 
Detector or discard_al l_data" is reset via the 
microprocessor interface. 

Having discarded any data from the "old" sequence the 
decoder is now ready to start work on a new sequence. 
A. 11.5.2 When to start discard all mode 

The discard all node will start immediately after a 1 is 

written into the discard_all_data register. The result 

will be unpredictable if this is done when the Start Code 

Detector is actively processing data. 

Discard all mode can be safely initiated after any of 

the Start Code Detector events (non-aligned start event 

etc.) has generated an interrupt. 

A. 11.5.3 Starting a new sequence 

If it is not known where the start of a new coded video 

sequence is within some coded data, then the start code 

search mechanism can be used. This discards any unwanted 

d-ata that precedes the start of the sequence. See A. 11.3. 

A. 11.5,4 Juoping between sequences 

This section illustrates an application of some of the 

tec.'^.niques described above. The objective is to "jump" 
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In 



from otT^s-parr of one coded video sequence to another, 
this example, the filing system only allows access to 
"blocks" of data. This block structure might be derived 
from the sector size of a disc or a block error correction 
system. So, the position of entry and exit points in the 
coded video data may not be related to the filing system 
block structure. 

The stop_after_picture and discard_all_data mechanisms 
allow unwanted data from the old video sequence to be 
discarded. Inserting a FLUSH Token after the end of the 
last filing system data block resets the discard_all_data 
mode. The start code search mode can then be used to 
discard any data in the next data block that precedes a 
suitable entry point. 
A. 11. 6 Byte alignment 

As is well known in the art, the different coding 
schemes have quite different views about byte alignment of 
start/marker codes in the data stream. 

For example, H.261 views communications as being bit 
serial. Thus, there is no concept of byte alignment of 
start codes. By setting ignore_non_aligned = o the Start 
Code Detector is able to detect start codes with any bit 
alignment. By setting non-aligned_start_mask = o, the 
start code non-alignment interrupt is suppressed. 

In contrast, however, JPeg was designed for a computer 
environment where byte alignment is guaranteed. Therefore 
niarker codes should only be detected when byte aligned. 
When the coding standard is configured as JPEG, the 
register ignore_non_al igned is ignored and the ' non-aligned 
start event will never be generated. However, setting 
ignore_non_aligned = i and non.aligned_start_mask = 0 is 
recommended to ensure compatibility with future products. 

MPEG, on the other hand, was designed to meet the needs 
of both communications (bit serial) and computer (byte 
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orienwr systems. start codes in MPEG data should 
normally be byte aligned. However, the standard is 
designed to be allow bit serial searching for start codes 
(no .MPEG bit pattern, with any bit alignment, will look 
ixke a start code, unless it is a start code). So, an MPEG 
decoder can be designed that will tolerate loss of byte 
alignment in serial data communications. 

If a non-aligned start code is found, it will normally 
indicate that a communication error has previously 
occurred. if the error is a "bit-slip" in a bit-serial 
communications system, then data containing this error will 
have already been passed to the decoder. This error is 
likely to cause other errors within the decoder. However 
new data arriving at the Start Code Detector can continue' 
to be decoded after this loss of byte alignment. 

By setting ignore_non_aligned = o and 
non_aligned_start_mask = i, an interrupt can be generated 
if a non-aligned start code is detected. The response will 
depend upon the application. All subsequent start codes 
vill be non-aligned (until byte alignment is restored) 
Accordingly, setting non_aligned_start_mask = o after byte 
alignment has been lost may be appropriate. 




Table A. 11. 5 Configuring for byte alignment 
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A* 11.7 Aut BAtle T k & 9«n«ratl & 

In the present invention, most of the Tokens output by 
the Start Code Detector directly reflect syntactic elements 
of the various picture and video coding standards. In 
5 addition to these **natural** Tokens, some useful invented" 
Tokens are generated. Examples of these proprietary tokens 
are PICTURE_END and CODING_STANDARD, Tokens are also 
introduced to remove some of the syntactic differences 
between the coding standards and to "tidy up" under error 
^ 10 conditions. 

This automatic Token generation is done after the serial 
analysis of the coded data (see Figure 61, "The Start Code 
W Detector") . Therefore the system responds equally to 

r'ii Tokens that have been supplied directly to the input of the 

a 15 Spatial Decoder via the Start Code Detector and to Tokens 

j!-; that have been generated by the Start Code Detector 

^ following the detection of start codes in the coded data. 

X. 11.7.1 Indicating the end of a pict\ire 
^ In general, the coding standards don't explicitly signal 

-2 0 the end of a picture. However, the Start Code Detector of 
the present invention generates a PICTURE_END Token when it 
detects information that indicates that the current picture 
has been completed. 

The Tokens that cause PICTURE_END to be generated are: 
25 SEQUENCE_START, GROUP^START, PICTURE_START , SEQUENCE_END 
and FLUSH. 

A. 11. 7 .2 Stop after picture end option 

If the register stop_af ter_picture is set, then the 
Start Code Detector will stop after a PICTURE_END Token has 
3 0 passed through. However, a FLUSH Token is inserted after 
the PICTURE_END to "push" the tail end of the coded data 
through the decoder and to reset the system. See A. 11.5.1. 
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A.ii.'^S* Introducing sequence start for H.261 

H.261 does not have a syntactic element equivalent to 
sequence start (see Table A. 11. 4). if the register 
insert_sequence_start is set, then the Start Code Detector 
will ensure that there is one SEQUENCE_START Tok^n befor- 
the next PICTURE_START . i . e . , if the Start Code Detector" 
does not see a SEQUENCE_START before a PICTURE_START , one 
will be introduced. No SEQUENCE_START will be introduced 
if one is already present. 

This function should not be used with MPEG or JP£C . 
A. 11. 7.4 Setting coding standard for each sequence 
All SEQUENCE_START Tokens leaving the Start Code 
Detector are always preceded by a CODING_STANDARD Token. 
This Token is loaded with the Start Code Detector's current 
coding standard. This sets the coding standard for the 
entire decoder chip set for each new video sequence. 
A. 11.8 Start code searching 

The Start Code Detector in accordance with the 
invention, can be used to search through a coded data 
stream for a specified type of start code. This allows the 
decoder to re-connence decoding from a specified level 
within the syntax of some coded data (after discarding any 
data that precedes it). Applications for this include: 
•start-up of a decoder after jumping into a coded data 
file at an unknown position (e.g., random accessing), 
•to seek to a known point in the data to assist recovery 
after a data error. 

For example. Table A. 11.6 shows the MPEG start codes 
searched, for different configurations of 
start_code_search. The equivalent H.261 and JPEG 
start/marker codes can be seen in Table A. 11.4. 



^$un.c3d«.«4jrcf» I Start codes sea:cri€i f-r ... 
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1 1 




2 
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Mcucnce sun 


I sun. cod«.s«aren 


Sun coo«s s«arcn«d for ... 


1 


grouD or $«cucrKt Stan | 


1 s- 


picajrt. group or staucnce sun | 


1 

I 


sitct. pcture, grouo or s«QU€nca sun .j 


! 7 


ifm n«xi sun or marMr code | 



Table A. 11. 6 Start code search modes 

a. A FLL'SH Token places the Start Code Detector 
in this search mode. 

b. This is the default mode after reset. 

When a non-zero value is written into the 
start_code_search register, the Start Code Detector will 
start to discard all incoming data until the specified 
start code is detected. The start_code_search register 
will then reset to 0 and normal operation will continue. 

The start code search will start immediately after a 
non-zero value is written into the start_code_search 
register. The result will be unpredictable if this is done 
when the Start Code Detector is actively processing data. 
SO, before initiating a start code search, the Start Code 
Detector should be stopped so no data is being processed. 
The Start Code Detector is always in this condition if any 
of the Start Code Detector events (non-aligned start event 
etc.) has just generated an interrupt. 

A. 11.8.1 Limitations on using start code search with JPEG 
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Mos«-j*.EG marker codes have a . 16 bit length count field 
associated with them. This field indicates the length of a 
data segment associated with the marker code. This segment 
may contain values that emulate marker codes. m normal 
operation, the Start Code Detector doesn't look for star- 
codes in these segments of data. 

If a random access into some JPEG coded data "lands" m 
such a segment, the start code search mechanism cannot be 
used reliably. m general, JPEG coded video will require 
additional external information to identify entry points 
for random access. 
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SECTPQiSf A.12 Decoder start-up control 
A. 12.1 overview of decoder start-up 

In a decoder, video disnlav u;s i i 

^.»e„ -"-n::nT\::::":.:::Lr^ 

ensures that th. decoder is able to h ^ neretore 
regular intervals. •"^* " 

Generally, two facilities are required to correctly 
Z22\' ">* ^ -c^enis™ to 

second T ^"^"'^ " 

second there must be a mechanise to prevent the display of 
a new Video stream. The Spatial Decoder of the invention 
provides a bit couhter near its input to measure how m ch 
data has arrived and an output jate near its output to 
prevent the start of new video stream bein, output 

.nese"facUitrs" " ""^'"^'^ - 

•Output gate always open 
* Basic control 
Advanced control 

start'as"' """"^ P'""" -^^"^ •"iH 

at the d r " "^'^ " «r-e 

at the decoder. This is appropriate for still picture 
decoding or where disolav -i k ■ '-'-ure 
n-echanxsm. ' ' " '^''^^^ — 

The difference between basic and advanced control 
relates to how many short video stream* ^ 
in ^ streams can be accommodated 

in the decoder's buffers at anv tim» 

^, ... time. Basic control is 

sui.ricient for most applications l.- 

PPiications. however, advanced 
control allows user software to helo tho m 

. "^•'•P decoder manage the 

start-up of several very short video streams. 
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A. 12.28-. IWEG vid o buffer verifier 

MPEG describes a "video buffer verifier" (VBV) for 
constant data rate systems. Using the VBV information 
allows the decoder to pre-fill its buffers before it starts 
to display pictures. Again, this pre-filling ensures that 
the decoder's buffers never empty during decoding. 

In summary,, each MPEG picture carries a vbv_delay 
parameter. This parameter specifies how long the coded 
data buffer of an "ideal decoder" should fill with coded 
data before the first picture is decoded. Having observed 
the start-up delay for the first picture, the requirements 
of all subsequent pictures will be met automatically. 

MPEG, therefore, specifies the start-up requirements as 
a delay. However, in a constant bit rate system this delay 
can readily be converted to a bit count. This is the basis 
on Which the start-up control of the Spatial Decoder of the 
present invention operates. 
A. 12.3 Definition of a stream 

In this application, the term stream is used to avoid 
confusion with the MPEG term segue;,ce. stream therefore 
means a quantity of video data that is "interesting" to an 
application. Hence, a stream could be many MPEG sequences 
or It could be a single picture. 

The decoder start-up facilities described in this 
Chapter relate to meeting the VBV requirements of the first 
picture in a stream. The requirements of subsequent 
pictures in that stream are met automatically. 
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A. 12. 4 Start-up control registers 



Register name 


Size/Dir, 


Reset State 


Description 


startup_access 


1 


0 


Writing 1 to this register requests that the bit 


CED_BS_^ACCESS 


rw 




counter and gate opening logic stop to allow 
acc6ss lo ineir connguraiion registers. 


bit_count 


8 


0 


This bit counter is incremented as coded data 


CED_BS_COUNT 


rw 




leaves the start code detector. The number of 
bits required to increment bit_count once is 


bit_count_prescale 


3 


0 


^ibit count prescale+1) ^ ctn -ru« u:* 

approx. 2 - ' X 512. The bit 
counter starts counting bits after a FLUSH 


CED_BS_PRESCALE 


rw 




Token passes through the bit counter. 

It is reset to zero and then stops incrementing 
after the bit count target has been met. 


bit_count_target 


8 


X 


This register specifies the bit count target. A 


CED^BS^TARGET 


rw 




target met event is generated whenever the 
following condition becomes true: 
bit_count>=bit_count_target 


target_met_event 


1 


0 


When the bit count target is met this event will be 
generated. If the mask register is set to 1 then an 


SS_ TARGET_MET_EVENT 


rw 




interrupt can be generated, however, the bit counter 
will NOT stop processing data. 








This event will occur when the bit counter 
increments to its target. It will also occur if a target 
value is written which is less than or equal to the 
current value of the bit counter. 

Writing 0 to bit_count_target will always generate a 
target met event 


target_met_mask 


1 

rw 


0 



Table A. 12.1 Decoder start-up registers 
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Register Name 



0) 
CO 



B 

CO 

03 
V) 

a> 



Description 



counter flushed event 



BS FLUSH EVENT 



rw 



counter flushed mask 



When a FLUSH Token passes through 
the bit count circuit this event will occur. 
If the mask register is set to 1 then an 
interrupt can be generated and the bit 
counter will stop. 



rw 



counter_flushed_too_early_event 
BS_FLUSH BEFORE TARGET MET EVENT 



rw 



counter_flushed-too-early-mask 



rw 



offchip_queue 
CED^BS^QUEUE 



rw 



enable stream 



CED BS ENABLE NXT STM 



rw 



If a FLUSH Token passes through the bit 
count circuit board and the bit count 
target has not been met this event will 
occur. If the mask register is set to 1 
then an interrupt can be generated and 
the bit counter will stop. 

See A. 12. 10. 



Setting this register to 1 configures the 
gate opening logic to require 
microprocessor support. When t his 
register is set to 0 the output gate control 
logic will automatically control the 
operation of the output gate. 

See sections A.12.6 and A. 12.7. 



When an off-chip queue is in use writing 
to enable_stream controls the behaviour 
of the output gate after the end of a 
stream passes through it. 

A one in this register enables the output 
gate to open. 

The register will be reset when an 
accept_enable interrupt is generated. 



Table A. 12.1 Decoder start-up registers (contd) 
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Register Name 




State 


Description 




Size/D 


Reset : 




accept_enable_event 


1 


0.00 


This event indicates that a FLUSH 








Token has passes through the output 


BS_STREAM_END_EVENT 


rw 










gate (causing it to close) and that an 


accept_enable_mask 


1 


0.00 


enable was available to allow the gate to 








open. 




rw 












If the nnask register is set to 1 then an 








interrupt can be generated and the 








register enable_stream will be reset. 








See A.12.7.1 . 



Table A.12.1 Decoder start-up registers (contd) 
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A.12.>- «utput gate always open 

The curput gate can be configured to rer.ain open xh.. 
configuration is appropriate where still picturo' are be 
decoded, or when so.e ot.er .echanis. is l^.J^ll Z 
manage the srart-up of the video decoder. 

The following configurations are required after reset 
(having gained access to the start-up control logic b, 
•-Titing 1 to startup_access) : 
set of f chip_queue = i 
• set enable_stream = i 

■ensure that all the decoder start-up event masJc 

registers are set to o disabling their interrupts 
(this is the default state after reset). 
(See A. 12. 7.1 for an explanation of why this holds the 
output gate open.) 
A. 12. 6 Basic operation 

in th, pr.sen. invention, b„ic control of tn, star^-up 
1=9 c .s sufficient for tn. „a,ority of HPZC v.deo 

:::r°Un t^ "^-^ ---"^ =-non.oetes 

uj.recxiy with the output aatca th« 

'-Hut gare. The output gate will r-ioc^ 

Closed until an enable is provided by th. bit counter 
c.rou.try when a strea» nas attained its start-up bit 

count. ^ 

The followin, configurations are required after reset 
vxn, ,ain.d access to the start-up control lo,ic by 
-riting i to startup_access) : 

^set bit_count_prescale approximately for the expected 
range of coded data rates 

set counter flushed too earlv ma = i, 

^, - - °°-^3»^-^y_mask = 1 to enable this 

error condition to be detected 

Two interrupt service routines are required- 
■Video Der.ux service to obtain the value of 
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*ttou,_delay for the first picture in each new 
stream 

■Counter flushed too early service to react to 
this condition 
The video demux (also known as the video parser) can 
generate an interrupt when it decodes the vbv_delay for a 
new video stream (i.e., the first picture to arrive at the 
video demux after a FLUSH) . The interrupt service routine 
Should compute an appropriate value for bit_count_target 
and write it. When the bit counter reaches this target i^ 
will insert an enable into a short queue between the bit 
counter and the output gate. When the output gate opens it 
removes an enable from this queue. 
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A«ia.<.l Starting a b«v straaa shortly aft r anothar 
flniahaa 

As an example, the MPEG stream which is about to finish 
is called A and the MPEG stream about to start is called B. 
A FLUSH Token should be inserted after the end of A. This 
pushes the last of its coded data through the decoder and 
alerts the various sections of the decoder to expect a new 
stream. 

Normally, the bit counter will have reset to zero, A 
having already met its start-up conditions. After the 
FLUSH, the bit counter will start counting the bits in 
stream B. When the Video Demux has decoded the vbv_delay 
from the first picture in stream B, an interrupt will be 
generated allowing the bit counter to be configured. 

As the FLUSH marking the end of stream A passes through 
the output gate, the gate will close. The gate will remain 
closed until B meets its start-up conditions. Depending on 
a number of factors such as: the start-up delay for stream 
B and the depth of the buffers, it is possible that B will 
have already met its start-up conditions when the output 
gate closes. In this case, there will be an enable waiting 
in the queue and the output gate will immediately open. 
Otherwise, stream B will have to wait until it meets its 
start-up requirements. 

A. 12. 6.2 A succession of short streams 

The capacity of the queue located between the bit 
counter and the output gate is sufficient to allow 3 
separate video streams to have met their start-up 
conditions and to be waiting for a previous stream to 
finish being decoded, -In the present invention, this 
situation will only occur if very short streams are being 
decoded or if the off-chip buffers are very large as 
compared to the picture format being decoded) . 

In Figure 69 stream A is being decoded and the 
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ourpuwgate xs open). streams B and C have mer their 
start-up conditions and are entirely contained within the 
buffers managed by the Spatial Decoder. stream D is still 
arriving at the input of the Spatial Decoder 

Enables for streams B and c are in the queue. So. when 
stream A is completed B will be able to start immediat-lv 
Similarly c can follow immediately behind B. 

If A is still passing through the output gate when D 
meets its start-up target an enable will be added to the 
queue, filling the queue. If no enables have been removed 
from the queue by the time the end of 0 passes the bit 
counter (i.e., a is still passing through the output gate) 
no new stream will be able to start through the bit 
counter. Therefore, coded data will be held up at the 
input until A completes and an enable is removed from the 
queue as the output gate is opened to allow B to pass 
through . 

A. 12. 7 Advanced operation 

In accordance with the present invention, advanced 
control Of the start-up logic allows user software to 
infinitely extend the length of the enable queue described 
in A. 12.6, "Basic operation". This level of control will 
only be required where the video decoder must accommodate a 
series of short video streams longer than that described in 
^.12.6.2, "A succession of short streams". 

in addition to the configuration required for Basic 
operation of the system, the following configurations are 
required after reset (having gained access to the start-up 
control logic by writing i to start_up access): 
set of f chip_queue =.i 

set accept_enable_mask = i to enable interrupts 
-hen an enable has been removed from the queue 
• set target_met_-,ask = i to enable interrupts 
vhen a stream's oit count target is met 
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Tw«Giditionai interrupt servi'ce routines are 
required : 

■ accept enable interrupt 
•Target met interrupt 

When a target met interrupt occurs, the service routine 
should add an enable to its off -chip enable queue. 
A. 12. 7.1 Output gate logic behavior 

Writing a i to the enable_streaiT. register loads an 
enable into a short queue. 

When a FLUSH (marking the end of a stream) passes 
through the output gate the gate will close. if there is 
an enable available at the end of the queue, the gate will 
open and generate an accept_enable_event . if 
accept_enable_masx is set to one, an interrupt can be 
generated and an enable is removed from the end of the 
queue (the register enable_stream is reset) . 

However, if accept_enable_mask is set to zero no 
interrupt is generated following the accept_enable event 
and the enable is NOT removed from the end of the queue 
This mechanism can be used to keep the output gate open as 
described in A. 12.5. 
A, 12 ,8 Bit counting 

The bit counter starts counting after a FLUSH Token 
passes through it. This FLUSH Token indicates the end of 
the current video stream. m this regard, the bit counter 
continues counting until it meets the bit count target set 
in the bit_count_target register. A target met event is 
then generated and the bit counter resets to zero and waits 
for the next FLUSH Token. 

The bit counter wilialso stop incrementing when it 

reacnes it maximum count (255) . 
A, 12. 9 Bit count prescale 

In the present invention, 2-—.— -.. ^ 512 bits are 
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requite increment the bit counter once. Furthermore, 
bit_count_prescale is a 3 bit register than can hold a 
value between 0 and 7. 



O 



m 

hi:. 



10 



I 1 Rtnge (bus) 


Aesoiuiion (bits) 


0 { 0to262i4A 1 


1024 


1 1 0 to 524286 


2046 


7 1 0 to 31457280 


122B80 



Table A. 12. 2 



Example bit counter ranges 



The bit count is approximate, as some elements of the 
video stream will already have been Tokenized (e.g., the 
start codes) and, therefore includes non-data Tokens. 
A. 12. 10 Counter flushed too early 

If a FLUSH token arrives at the bit counter before the 
bit count target is attained, an event is generated which 
can .cause an interrupt (if counter_f lushed_too_early_mask = 
1). If the interrupt is generated, then the bit counter 
circuit will stop, preventing further data input. It is 
the responsibility of the user's software to decide when to 
open the output gate after this event has occurred. The 
output gate can be made to open by writing 0 as the bit 
count target. These circumstances should only arise when 
trying to decode video streams that last only a few 
pictures . 
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SECTrer<f A. 13 Buffer Management 

The Spatial Decoder manages two logical data buffers:, 
the coded data buffer (COB) and the Token buffer (TB) . 

The CDB buffers coded data between the Start Code 
Detector and the input of the Huffman decoder. This 
provides buffering for low data rate coded video data. The 
TB buffers data between the output of the Huffman decoder 
and the input of the spatial video decoding circuits 
(inverse modeler, quantizer and DCT) . This second logical 
buffer allows processing time to include a spread so as to 
accommodate processing pictures having varying amounts of 
data . 

Both buffers are physically held in a single off-chip 
DRAM array. The addresses for these buffers are generated 
by the buffer manager. 
A. 13.1 Buffer manager registers 

The Spatial Decoder buffer manager is intended to be 
configured once immediately after the device is reset. m 
normal operation, there is no requirement to reconfigure 
the buffer manager. 

After reset is removed from the Spatial Decoder, the 
buffer manager is halted (with its access register, 
buffer_manager_access, set to i) awaiting configuration. 
After the registers have been configured, 
buffer_manager_access can be set to o and decoding can 
commence . 

Most of the registers used in the buffer manager cannot 
be accessed reliably while the buffer manager is operating. 
Before any of the buffer manager registers are accessed 
buffer_manager_access must be set to 1. This makes it 
essential to observe the protocol of waiting until the 
value 1 can be read from buf f er_manager_access . The ti.me 
-aken to obtain and release access should be taken into 
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consideration when polling such registers as cdb_full and cdb_empty to 
monitor buffer conditions. 



Register name 


Size/Dir. 


Reset State 


Description 


buffer_manager_access 


1 

fW 


1 


This access bit stops the operation of the buffer manager 
so that its various registers can be accessed reliably. See 
A.6.4.1. Note: this access register is unusual as its default 
state after reset is 1 . i.e. after reset the buffer manager is 
halted awaiting configuration via the microprocessor 
interface. 


buffer_manager_keyhole_address 


6 
rw 


X 


Keyhole access to the extended address space used for 
the buffer manager registers shown betow. See A. 6. 4. 3 for 
more information about accessing registers through a 


buffer_manager_keyhole_data 


8 
rw 


X 


ivcyi lUlc. 


bufferjimit 


18 
rw 


X 


This specifies the overall size of the DRAM array attached 
to the Spatial Decoder. All buffer addresses are calculated 
MOD this buffer size and s will wrap round within the 
DRAM provided. 


cdb_base 


18 




These reoisters Doint to Ihp ha^p nf thp nnHpH Hats ^r■f^^^^ 


tb base 


-PU 




and Token (tb) buffers. 


cdbjength 


18 


X 


These registers specify the length (i.e. size) of the coded 


tb_length 


— FW 




data (cdb) and Token (tb) buffers. 


cdb_read 


18 


X 


These registers hold an offset from the buffer base and 


tb_read 


-fG 




inuicai6 wnere aaia will ue reaa irom next. 


cdb_n umber 


18 


X 


These registers show how much data is currently held in 


tb_n umber 


— fG 




the buffers. 


cdb_full 


1 


X 


These registers will be set to 1 if the coded data (cdb) or 


tbjull 


ro 




Token (tb) buffer fills. 


cdb_empty 


1 


X 


These registers will be set to 1 if the coded data (cdb) or 


tb_empty 


ro 




Token (tb) buffer empties. 



Table A, 13.1 Buffer manager registers 



288 



A. 13, i.i^Buf fer manager pointer values 

Typically, data is transferred between the Spatial 
Decoder and the off_chip DRAM in 64 byte bursts (usxng the 
DRAM'S fast page mode). All the buffer pointers and length 
registers refer to these 64 byte (512 bxt) blocks of data 
so, the buffer manager's 18 bit registers describe a 256 k 
block linear address space (i.e., 128 Mb). 

The 64 byte transfer is independent of the width (8, 16 
or 32 bits) of the DRAM interface. 
A. 13. 2 use of the buffer manager registers 

The Spatial Decoder buffer manager has two sets of 
registers that define two similar buffers. The buffer 
Unit register ( buf f er_limit ) defines the physical upper 
Umit of the memory space. AH addresses are calculated 
modulo this number. 

Within the limits of the available memory, the extent of 
each buffer is defined by two registers: the buffer base 
(cdb_base and tb_base) and the buffer length (cdb_length 
and tb_length) . All the registers described thus far must 
be configured before the buffers can be used. 

The current status of each buffer is visible in 4 
registers. The buffer read register (cdb.read and tb read) 
indicates an offset from the buffer base from which dita 
will be read next. The buffer number registers (cdb_number 
and tb_number) indicate the amount of data currently held 
by buffers. The status bits cdb_full, tb_full, cdb empty 
and tb_empty indicate if the buffers are full or empty 

AS stated in A. 13.1.1, the unit for all the above 
mentioned registers is a 512 bit block of data. 
Accordingly, the value read "from cdb_number should be 
r.uitipiied by 512 to obtain the number of bits in the coded 
data buffer. 
A. 13. 3 2ero buffers 

still picture applications (e.g., using JPEG) that do 
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not h^e^a "real-time" requirement wxil not need the large 
off-Chip buffers supported by the buffer manager. m th. 



case, the DPAM interface can be configured (by writing , ,0 



the zero_buffers register) to ignore the buffer manager 
provide a 128 bit stream on-chip FIFO for the coded data 
buffer and the Token buffers. 

The zero buffers option may also be appropriate for 
applications which operate working at low data rates and 
wirh small picture formats. 



10 Note: 



the 2ero_buffers register is part of the DRAM 
interface and. therefore, should be set only during the 
post-reset configuration of the DRAM interface. 
A. 13. 4 Buffer operation 



The data transfer through the buffers is controlled by a 
1= handshake Protocol. Hence, it is guaranteed that no data 
errors will occur if che buffer fills or empties. if a 
'suffer is fined, then the circuits trying to send data >o 
r.he buffer win -be halted until there is space in the 
S .0 str"'.. ' continues to be full, more processing 

.0 stages up stea." of the buffer will halt until the Spatial 
decoder is unable to accept data on its input port 
Similarly, if a buffer empties, then .he circuits trying to 
- re.-nove data from the buffer win halt until data is 
available. 

25 AS described in A. 13.2, the position and size of the 

coded data and Token buffer are specified by the buffer 
base and length registers. The user is resoonsible for 
configuring these registers and for ensuring that there is 
no conflict in memory usage between the two buffers 
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SECTION A.14 Video Demux 

The Video Demux or Video parser as it is also called, 
completes the task of converting coded data into Tokens started 
5 by the Start Code Detector. There are four main processing 
blocks in the Video Demux: Parser State Machine, Huffman 
decoder (including an ITOD), Macroblock counter and ALU. 

The Parser or state machine follows the syntax of the 
coded video data and instructs the other units. The Huffman 
10 decoder converts variable length coded (VLC) data into integers. 
The Macroblock counter keeps track of which section of a picture 
is being decoded. The ALU performs the necessary arithmetic 
calculations. 



A.14.1 Video Demux registers 



Register name 




1 Size/Dir. 1 




1 Reset State 1 


Description 


demux_access 
CED_H_CTRL[7] 


1 

rw 


0 


This access bit stops the operation of the Video Demux so that it's 
various registers can be accessed reliably. See A.6.4.1. 


huffnnan_error_code 
CED_H_CrRL{6:4] 


3 
ro 




When the Video Demux stops following the generation of a 
huffman_event interrupt request this 3 bit register holds a value 
indicating why the interrupt was generated. See A. 14. 5.1. 


parser_error_code 
CED_H_DMUX_ERR 


8 
ro 




When the Video Demux stops following the generation of a 
parser_event interrupt request this 8 bit register holds a value indicating 
why the interrupt was generated. See A. 14.5.2 . 


demux_keyhole_address 
CED_H_KEYHOLE_ADDR 


12 
rw 


X 


Keyhole access to the Video Demux's extended address space. See 
A. 6. 4. 3 for more information about accessing registers through a 
keyhole. 

Tables A. 14.2, A.14. 3 and A.14.4 describe the registers that can be 
accessed via the keyhole. 


demux_keyhole_data 
CED_H_KEYHOLE 


8 

rw 


X 



Table A.14.1 Top level Video Demux registers 
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Register name 








Q) 
S 


Description 






b 












"35 

N 




0) 








(75 




v> 
a> 
















dummyjast^picture 


1 


0 




When this register is set to 1 the Video Demux will generate information for 








a "dummy" intra picture as the last picture of an MPEG sequence. This 


CED_H_ALU_REGO 


rw 




function is useful when the Temporal Decoder is configured for automatic 


r_rom_control 






picture re-ordering (see A. 18.3.5, "Picture sequence re-ordering") to flush 






the last P or 1 picture out of the Temporal Decoder. 


r_dummyjast_frame_bit 






No "dummy" picture is required if: 








• the Temporal Decoder is not configured for re-ordering 








• another MPEG sequence will be decoded immediately (as this will also 








flush out the last picture) 








• the codino standard is not MPFfi 


field_info 


1 


0 




When this register is set to 1 the first byte of any MPEG 








extra_information_picture is placed in the FIELD_INFO Token. See 


CED_H_ALU_REGO 


nw 




A.14.7.1. 


r_tx>m_control 








rjrteidJinfo_bit 








continue 


1 


0 




This register allows user software to control how much extra, user or 








extension data it wants to receive when it is detected by the decoder. See 


CED_H_ALU_REGO 


TW 




A.14.6 and A.14.7 . 


r_rom_control 








r_field_continue_bit 








rom_revision 


8 




Immediately following reset this holds a copy of the microcode ROM 








revision number. 


CED_H_ALU_REG1 


ro 












This register is also used to present to control software data values read 


r_rom_revision 






from the coded data. See A.14.6. "Receiving User and Extension data", on 








page 148 and A.14.7. "Receiving Extra Information". 



Table A.14.1 Top level Video Demux regist rs (contd) 
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Register name 




Size/Dir. 




Reset State 


Description 


huffnnan_event 


1 

rw 


0 


A Huffman event is generated if an error is found in the coded data. See 
A. 14. 5.1 for a description of these events. 

If the mask register is set to 1 then an interrupt can be generated and the 
Video Demux will stop. If the mask register is set to 0 then no interrupt is 
generated and the Video Demux wilt attempt to recover from the error. 


huffman_mask 


1 

rw 


0 


parser_event 


1 

rw 


0 


A Parser event can be in response to errors in the coded data or to the 
arrival of information at the Video Demux that requires software 
intervention. See A. 14. 5. 2 for a description of these events. If the mask 
register is set to 1 then an interrupt can be generated and the Video 
Demux will stop. If the mask register is set to 0 then no interrupt is 
generated and the Video Demux will attempt to continue. 


parser_mask 


12 
rw 


X 



H Table A.14.1 Top level Video Demux registers (contd) 

'■lscr.=. 



Register name 




size/dir. 




1 Reset state 1 


Description 


component_name_0 
component_n ame_1 
component_name_2 
component_name_3 


8 
rw 


x 


During JPEG operation the register component_name_n holds an 8 bit 
value indicating (to an application) which colour component has the 
component ID n. 


horiz_pels 


16 
rw 


X 


These registers hold the horizontal and vertical dimensions of the video 
being decoded in pixels. 

See section A. 14.2 . 


vert_pels 


16 
rw 


X 


horiz_macroblocks 


16 
rw 


X 


These registers hold the horizontal and vertical dimensions of the video 
being decoded in macroblocks. 

See section A. 14.2 . 


vert_macroblocks 


16 
rw 


X 



Table A.I 4.2 vid o demux picture construction registers 
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Register name 




1 Size/Dir. 1 




Reset State 


Description 


max_h 


2 




X 




These registers hold the macroblock width and height in blocks (8 x 
8 pixels). The values 0 to 3 indicate a width/height of 1 to 4 blocks. 




rw 


















See section A. 14.2 . 


max V 


2 




X 






rw 








max_component_id 


2 




X 




The values 0 to 3 indicate that 1 to 4 different video components 
are currently being decoded. See section A. 14.2 . 




rw 










8 




X 




During JPEG operation this register holds the parameter Nf 
(number of image components in frame). 




rw 








blocks_h_0 


2 




X 




For each of the 4 colour components the registers blocks_h_n and 
blocks_v_n hold the number of blocks horizontally and vertically in 


blocks_h_1 


rw 






a macroblock for the colour component with component ID n. 


blocks h 2 










See section A. 14.2 . 


blocks_h_3 












blocks_v_0 


2 




X 






blocks_v_1 


rw 










btocks_v_2 












blocks_v_3 












tq_0 


2 




X 




The two bit value held by the register tq_/? describes which inverse 
Quantisation table is to be used when decoding data with 


tq_1 


rw 








component ID n. 


tq_2 












tq_3 













Table A. 14. 2 video demux picture construction r gisters (contd) 
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A. 14. Register loading and Token generation 

Many of the registers in the Video Demux hold values 
that relate directly to parameters normally communicated 
the coded picture/Video data. For example, the horiz pels 
register corresponds to the MPEG sequence header 
information, hori2ontal_si2e . and the JPEG frame header 
parameter, X. These registers are loaded by the Video 
Demux when the appropriate coded data is decoded. These 
registers are also associated with a Token. For example 
the register, hori2_pels, is associated with Token 
H0RlZ0MTAL_SIZE. The Token is generated by the Video Oemux 
When (or soon after) the coded data is decoded. The Token 
can also be supplied directly to the input of the Spatial 
Decoder. m this case, the value carried by the Token win 
configure the Video Demux register associated with it 
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Register Name 


Size/Dir. 


Reset State 


Description 


dc.hufLO 
dc_huff_1 


2 
rw 




The two bit value held by the register dc_huff_n describes which 
Huffman decoding table is to be used when decoding the DC 
coefficients of data with component ID n. 


dc_huff_2 








dc_huff_3 






Similarly ac huff n describes the table to be used when decoding 


ac_huff_0 


2 




AC coefficients. 


ac_huff_1 
ac_huff_2 


rw 




Baseline JPEG requires up to two Huffman tables per scan. The 
only tables implemented are 0 and 1 . 


ac_huff_3 








dc_bits_0[15:0] 
dc_bits_1t15:0] 


8 

rw 




Each of these is a table of 16, eight bit values. They provide the 
BITS information (see JPEG Huffman table specification) which 
form part of the description of two DC and two AC Huffman 


ac_bits_0[15:0] 


8 




tables. 


ac_bits_1[15:0] 


rw 






dc_huffval_0[11:0] 
dc_huffvaM[1:0] 


8 
rw 




Each of these is a table of 12, eight bit values. They provide the 
HUFFVAL information (see JPEG Huffman table specification) 
which form part of the description of two AC Huffman tables. 

See section A. 14.3.1 . 


ac_huffvaL0(161:0) 
ac_huffval_1 (161:0) 


8 
rw 




Each of these is a table of 162, eight bit values. They provide the 
HUFFVAL information (see JPEG Huffman table specification) 
which form part of the description of two DC Huffman tables. 

See section A.14. 3.1 . 


dc_zssss_1 


8 
rw 




These 8 bit registers hold values that are "special cased" to 
accelerate the decoding of certain frequency used JPEG VLCs. 

dc_ssss - magnitude of DC coefficient is 0. 

ac_eob - end of block 

ac_zrl - run of 16 zeros 


ac_eob_0 
ac_eob_1 


8 

rw 




ac__2rl_0 


8 




ac_2rl_1 


rw 







Table A. 14.3 Video demux Huffman table registers 



296 



Register Name 


Size/Dir. 


Reset State 


Desrrintion 


buffer_size 


10 
rw 




This register is loaded when decoding MPEG data with a value 
indicating the size of VBV buffer required in an ideal decoder. 






This value is not used by the decoder chips. However, the value 
it holds may be useful to user software when configuring the 
^ coded data buffer size and to determine whether the decoder is 
capable of decoding a particular MPEG data file. 


pe!_aspect 


4 
rw 




This register is loaded when decoding MPEG data with a value 
indicating the pel aspect ratio. The value is a 4 bit integer that is 
used as an index into a table defined by MPEG. 

See the MPEG standard for a definition of this table. 

This value is not used by the decoder chips. However, the value 
it holds may be useful to user software when configuring a 
display or output device. 


bit_rate 


4 
rw 




This register is loaded when decoding MPEG data with a value 
indicating the coded data rate. See the MPEG standard for a 
definition of this value. This value is not used by the decoder 
chips. However, the value it holds may be useful to user 
software when configuring the decoder start-up registers. 


pic_rate 


4 
rw 




This register is loaded when decoding MPEG data with a value 
indicating the 

picture rate. See the MPEG standard for a definition of this 
value. This value is not used by the decoder chips. However, 
the value it holds may be useful to user software when 
configuring a display or output device. 


Constrained 


1 

rw 




This register is loaded when decoding MPEG data to indicate if 
the coded data meets MPEG's constrained parameters. See the 
MPEG standard for a definition of this flag. 

This value is not used by the decoder chips. However, the value 
it holds may be useful to user software to determine whether the 
decoder is capable of decoding a particular MPEG data file. 



Register Name 



<7> 



0) 
00 



0} 



Description 



picture_type 



rw 



During MPEG operation this register holds the picture type of the 
picture being decoded. 



h_261jDicJype 



broken closed 



rw 



rw 



This register is loaded when decoding H.261 data. It holds 
information about the picture format. 



7 


6 


5 


4 


3 


2 


1 


0 


f 


f 


s 


d 


f 


d 


f 


f 



Flags: 

s - Split Screen Indicator 

d - Document Camera 

r - Freeze Picture Release 

This value is not used by the decoder chips. However, the 
information should be used when configuring horiz_pels. vert_pels 
and the display or output device. 



During MPEG operation this register holds the brokenjink and 
closed_gap 

information for the group of pictures being decoded. 



7 


6 


5 


4 


3 


2 


1 


0 


r 


r 


r 


r 


r 


r 


c 


b 



Flags; 

C - closed_gap 



Table A.14,4 Other 



Video Demux registers (contd) 



298 



Register Name 



Q 

N 



Q) 

ro 

Q) 

tn 

0) 

tr 



Description 



Prediction mode 



During MPEG and H.261 operation this register holds the 
current value of prediction mode. 



7 


6 


5 


4 


3 


2 


1 


0 


r 


r 


r 


h 


y 


X 


b 


f 



Flags: 

h - enable H.261 loop filter 

y - reset backward vector prediction. 



vbv_delay 



16 



rw 



This register is loaded when decoding MPEF data with a value 
indicating the minimum start-up delay before decoding should start. 

See the MPEG standard for a definition of this value. 

This value is not used by the decoder chips. However, the value it 
holds may be useful to user software when configuring the decoder 
start-up registers. 



pic_number 



rw 



This register holds the picture number for the pictures that is currently 
being decoded by the Video Demux. This number was generated by 
the start code detector when this picture arrived there. 

See Table A.1 1 .2 for a description of the picture number. 



dummy_last_picture 



field info 



continue 



These registers are also visible at the top level. See Table A. 14.1 



rw 



rom revision 



coding_standard 



rw 



This register is loaded by the CODING„STANDARD Token to 
configure 

the Video Demux's mode of operation. 
See section A. 2 1.1 . 



Table A. 14.4 Other Video Demux registers (contd) 





Slia/Db. 


Rosel Stale 


Cescnoiion 


ftsun.inttrvat 


8 




This re9.s;er .5 ksaaea wn,n c«oc.rg jPSG caia a vi.ue rrc.ca.r, -r e 




rw 




minimum $tan-uo attay aticre oecocing shouic s:aa 








S«fl o^e MPEG standard for a dafinuon of this value ^ 

' > 1 



Table A. 14. 4 other Video Demux register, (contd) 




Table A.14.S Register to Tolcen cross reference 
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tq.O 










']'■', 








n Ii 








Is;- 










biocn$,v_o 






g ! 


blocks, v_2 












ac.huff,2 




flc.hutf_3 












»c_huff.2 



ac.huff 2 



Toktn 

WAX.COMPJD 



JPEG,TABLE_SELECT 



DEFINE^SAMPLiNG 



tn scan h«aa«r g^t^ 
WPEG.OCH.TABLE 



<n scan h«ao«r data 



MPEG 


contro( sofrwvf ouai conr^ 




Samonng st;uc:ufe .j r„ec 




suncard. ' 


JP£G 


cooea cata. 


H.2SI 


auiomaticaily cor.n^urec .'cr a ; - i 




i 



JPEG 


1 C3c»c cafa. 


MPEG 


noi used m $;anca;a. 




1 




MPEG 


— — ' 

control software -nust confi-yrt. j 




Sampfing stfuc^jre is fuec 5y | 




sundard. | 


JP6G ( 


in cooed data. i 




automaticauy configures 'c- a 2.0 \ 




video. 

J 
1 

i 



JPEG 



in cooao caia. 
control softwar 
«o{ used in sianoara. 

tn cooea data, 
not used in sianoara. 



Table A. 14.5 Register to ToJcen cross 
reference (contd) 



3 !: 



fee::; 




MP£G 


in ccceo ;au- 


JPEG 


not usea tn stanca/3 




rence (contd) 
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HI 




preoicijon_modt 



10 



PREDICTION.MODE 



PICTURE.TYPE 
(when siancard is h.26i) 

VBV.OELAY 



MPEG 


in cocea ca:a. « 

r 


JPEG 


nor ustd in s:anaara 






MPEG 


not relevant 


JPEG 




H^Sl 


in cocea ;au. 


MPEG 


in cacec data. j 


JPEG 


not us«d :n s:anaa/d J 


H^61 


1 
1 




A. 14.2 Picture structure 

deslriled T?." ^^"ure di„„si=ns a.. 

aescrxbed to the Spatial Decoder in , ^ ■ 

Pixels and macroblocks JpH V . "^^"-""t units: 

Picture din,.n<.,- "''^'^ conununicate 

FACT^ure dimensions in pixels r^^™- 

- Pixels determine the area of tT"'"' dimensions 

the valid d.r. • ^ ^""^^ ^^^^ contains 

^ne valid data; this may be smaller 

size ■ ■ smaller than the total buffer 

Size. Communicating dimensions in macrohi^ ^ . 
the size nf K,,^* "lacroblocks determines 

Size or buffer reauired •^K^ ^ 

dimensions „ust de^.v!. ., ..T^s::?^' """""^^ 

y tne user from the pixel 



dimen*to«s. The Spatial Decoder registers associated wi 

this information are: horiz.pels, vert_pels 

hori2_macroblocks and vert_macroblocks . 

The spatial Decoder registers, blocks h_^ , blocks v n 

max_h, n.ax_v and max.component_id specif'y the compos'i t'ior 

of the macroblocks (minimum coding units in JPEG) . Each 

a 2 bit register than can hold values in the range o to 2 

All except max_component_id specify a block count of i to 

4. For example, if register max_h holds i, then a 

macroblock is two blocks wide «:im-;T»-i 

"® wide. Similarly, max_component i 

specifies the number of different color components 

involved . 




Table A. 14. 6 Configuration for vari 



ous macroblocX formats 
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Huffman tables 
A. 14. 3.1 JPEG style Huffman table descriptions 

In the invention, Huffman table descriptions are 
provided to the Spatial decoder via the format used by jpeg 
to communicate table descriptions between encoders and 
decoders. There are two elements to each table 
description: BITS and HUFFVAL. For a full description of 
how tables are encoded, the user is directed to the JPEG 
specification. 

A. 14 . 3 . 1. 1 BITS 

BITS is a table of values that describes how many 
different symbols are encoded with each length of VLC 
Each entry is an 8 bit value. JPEG permits VLCs with up to 
16 bits long, so there are 16 entries in each table. 

The BITS(0] describes how many different 1 bit VLCs 
exist While BITS[1J describes how many different 2 bit VLCs 
exist and so forth. 
A> 14. 3 . 1.2 HtjrrvAT. 

HUFFVAL is table of 8 bit data values arranged in order 
of increasing VLC length. The size of this table will 
depend on the number of different symbols that can be 
encoded by the VLC. 

The JPEG specification describes in further detail how 
Huffman coding tables can be encoded or decoded into this 
format . 

A. 14.3, 1.3 Conf iauratien by Tokgwa 

In a JPEG bitstream. the DHT marker precedes the 
description of the Huffman tables used to code AC and DC 
coefficients. When the Start Code Detector recognizes a 
DHT marker, it generates a DHT_MARKER Token and places the 
Huffman table description in the following DATA Token (see 
A . 11 . 3 . 4 ) . 

configuration of AC and DC coefficient Huffman tables 
-ithin the spatial Decoder can be achieved by supplying 
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^cient Huffman tables required for MPEG operation 

however, thf^ r•r^^ ^ ^ , ■ '-'H^^aTiion , 

JPEG while the tables are dowh loaded. 




! " ! n I n I n i n I n I 
'ilnlninjnlnln 



V,j . Words carrying HUFFVAL information (the 
number of words dapends on the numt«r of different 
symbols). 

.n. ««en*on o..-^,b,0 if m»«^. DATA To..ncr,„ ; - 
« ""'-"..S in ^. «^ DATA To.en, ^ 



li 




Tir 
Tt 


li 


^! 


■ 3 


X ' 


a. 
2 




i 

c 




9 









Table A. 14 . 7 



Huffman table config^^.^i^ via Tokens 
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The AC and DC coefficient Huffman tables can also be 
written directly to registers via the MPI. See Table 

■The registers dc_bits_0 [ 15 : 0 ) and dc_bits_l f 15 • o ' 
hold the BITS values for tables 0x00 and 0x01. 
■The registers ac_bits_0 15 : 0 ] and ac_bi ts_l r 1 5 • 0 ] 
hold the BITS values for tables 0x10 and Oxli. 
•The registers dc_huffval O[li:0] and 

dc_huffval_irii:oj hold the HUFFVAL values for 

tables 0x00 and OxOl. 

■The registers ac_huf f val_0 ( 161 : 0 1 and 
ac_huffval_if 161:0] hold the HUFFVAL values 
for tables Oxio and 0x11. 
A. 14. 4 configuring for different standards 

an/nT''"" """"" -PPorts the requirements of MPEG, JPEG 
iTJl rn^r configured automatically 

Deteclor ^^"""^^ "^^^ 

A. 14. 4.1 H.261 Huffman tables 

.n ROMS ...hxn .he Sp.ti.l Decoder and »ore particular in 

e" "'"."-"i- « Videc de.ux and, therefore 

require no user intervention. 

A. 14. 4. 2 H.261 Picture structure 

CIF^and'ot'rr"'''"" " supporting only tvo picture formats: 
CIF and QCIF. The picture format in use is signalled in 
^.e PTVPE section of the bitstream. w.en this data is 
decoded by the Spatial Decoder, it is placed in the 
h 261_pic_type registers and the PICTURE TYPE Token. In 
addition, all the picture and macroblocK construction 
registers are configured automatically 

The information in the various registers is also placed 
into their related Tokens (see Table A. 14. 5), 
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U 1 0 



•nd tm,-,„3ures that other decoder chips (such „ the 

Temporal Decoder) are correctly configured. 

A.H.4.3 HPES HuffB,B tables 

The majority of the Huffman codin, tables required to 

decode „P.c are held in ROMs within the Spatial Decoder 

Cciain, in th. parser state machine, and, thus, require no 
user intervention. The exceptions are th. tables required 
ZltVT' c««icients o, In.rai .acroblcc.s. xl 

tables are required, one for chroma th. other for luma. 
These must be configured by user software before d.codin, 
oegms. ' 




Tabl. A.14.8 Automatic settings for H.261 

Table A. 14. 10 shews the sequence of Toicens required to 

configure the DC coefficient Huff™^« ^ • 

-i-cienr Huffman tables within the 

spatial Decoder. Alternatively ^ 

. ^ atJ-veiy, the same results can be 

Obtained by writing this information to registers via the 

HufTj -ntrol Which DC coefficient 

Huffman tables are used with each color component. Table 
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A.14.g-sftows how they should be configured for MPEG 
operation. This can be done directly via the MPI 
using the MPEG_DCH_TABLE Token. 



or 



ac.riutt.o 


0 • 




t 




1 


dc.nuff.3 


z 



Table A. 14. 9 MPEG DC Huffman table selection via 



E 


P:0] 


Toktn N«m« j 


' 1 

0 


0x15 COOING.STANDARD i 
t 1.JPEG ! 


0 


one j OHT.MARKER { 


1 


0«04 1 DATA (couic b« any colour comoon^ni, 0 is us«d m tfts eiarrde ) ! 


1 


0x00 1 0 ifKlcai«s Mt this Muflfw t»W« is DC coafflcient cooing taoit 0 



Table A.14,10 

' ' ' Ion 



MPEG DC Huffman table configurate 
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CI' 

hi. 




(I 0x01 



0x01 



0x01 



0x0 1 



0x00 



OxCO 



0x00 



0x00 



0x00 



2. 2 bt( codes 

3. 3 bit cooes 

bit codes 
1. S bit cooes 
K 6 bit codes 
1 . 7 bit codes 

If conrtgunng via tne MP, ratner man witn Tokens tnese va.ues -oc:. .a 
wrmen ,nto the dc.bits.0(15:0J registers. 



OxCO 



0x00 



0x00 



0x00 





1 |( 0x01 




0x02 




0x00 


•1 


0x03 


■1 


0x04 


•1 


0x05 




0x06 




0x07 


liJ 


0x08 



9 words carrying HUFFVAL information 



"conflgunng v,, m« MP. ram.r m.„ T,K,ns tftese va..u« -o..c 
"wmtn into tn« oc_hufh-«i_otii:Ol fecaterj. 



Table A. 14. 10 MPEG DC Huffman 
table configuration (contd) 
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H 
Hi 

■E:5Sf:- 



ii (7:01 

_° |( O'lC I DHT.MARK ER 

3,0, I . ■ ;_««u»«o .n tfta ,,arr-i„ 



' j( 0x00 


• 1 


0i03 




0x01 


1 II OxOi j 



' '"tScatfts cri«( rhtf Huffman taoJe « or .^^^ ' " 

DC c otrr.cient coctng (ao»e 



different VLCs: 



I (| CxOl 


^ 11 0x01 


' 11 0x01 


^ jj 0x01 


1 II 0x00 j 


^ II 0x00 ; 


1 


LoxOO j 


1 


J 0x00 1 


1 1 


1 0x00 ; 


1 


1 0x00 1 


t 


0x00 

1 



^1 « conr.,un„, v.. MP, ^^^^^ ^^^^^ 



0x00 ' 

^1 wnnen .mo ine dc.biti.ifi5;0I regisi.r*. 



0x00 



«*nn«n into m. de.huffvai.i(ii:o) r«9ai.„. 




' ' w i» usee 

i| I MPEG.DCH. TABLg 

Confi9ur,,oao.«,,»u,e3 (or campon*,, 



0 II 0»0l 

J ~xU6 I MPEG.DCH TABi P 



0 II 0x0 1 ( f.. 

Tab^eA.14.,0 Mpi^ OC Huffman tabte configur«ion (contd) 
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Tok«n Narn« 


1 


OxtS 


CODING.STANDARD 




0x02 


2 . JPSG 



Table A. 14. 10 MPEG DC Huffman 
table configuration (contd) 



A. 14. 4 .4 MPEG Picture structure 

The niacrobiock construction defined for MPEG is the same 
as that used by H.261. The picture dimensions are encoded 
in the coded data. * 

For standard 4:2:0 operation, the macroblock 
characteristics should be configured as indicated in Table 
A.Ih.S. This can be done either by writing to the 
registers as indicated or by applying the equivalent Tokens 
(see Table A. 14.5) to the input of the Spatial Decoder. 

The approach taken to configure picture dimensions will 
depend upon the application. If the piicture format is 
known before decoding starts, then the picture construction 
registers listed in Table A. 14.8 can be initialized with 
appropriate values. Alternatively, the picture dimensions 
can be decoded from the coded data and used to configure 
the Spatial Decoder. In this case the user must service 
the parser error ERR_MPEG_SEQUENCE , see A. 14.8, "Changes at 
the MPEG sequence layer" . 



A,14.#t5'* JPEG 

Within baseline JPeg, there are a number of encod. 
options that Significantly alter the co.piexit; o/?; 
centre software re^uxre. to operate the .ecL. T 
general, the Spatial Decoder has been designed so t.. 
required support is mini^.^ k signed so that the 

' following condition 

• Nu„.ber Of color components per frame is less 

than 5(N,<4) 
A. 14. 4. 6 JPEG Huffman tables 

Furthermore, JPEG allows Huffman coding tables to be 
.ow l,,,ed to the decoder. These tables are used when 
deco,,„ vLCs describing the coefficients. Two tables 

rrircinL- — - — - 

There are three different types of JPEG file: 
Interchange format, an abbreviated fn^rm^t- ^ 
image data and an ,hk • ^^'^ ^"^"^^ compressed 

9 ata, and an abbreviated format for table data m 
an interchange format file there is bo^h 

data and a definition of all l\T ""^"^^^^^ ^^^^ 

Ouantir^^i tables (Huffman, 

The Spatial Decoder will anr-o^^- , , 
However .hk accept all three formats. 

However, abbreviated image data fii«= 

if all the required tablL 7 decoded 
H^^- equired tables have been defined This 

definition can be done via either of 

file rvno« , either of the other two JPEG 

riie types, or alternatively the 

user software. ^^^^ ""^'^ "^""P ''^ 

If each scan uses a different coi- * 

c«. co.« scan' ;:,'3^^^ ^" 

loaded special Decoder for use" """".cally 

tor use during this and any 
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subsequent scans . 

To improve the performance of the Huffman decoding, 
certain commonly used symbols are specially cased. These 
are: DC coefficient with magnitude 0, end of block AC 
coefficients and run of 16 zero AC coefficients. The 
values for these special cases should be written into the 
appropriate registers. 
A.14.4, <.i Table selection 

The registers dc_huff_n and ac_huff_n control which AC 
and DC coefficient Huffman tables are used with which color 
component. During JPEG operation, these relationships are 
defined by the TD^ and Ta^ fields of the scan header syntax. 
A. 14. 4.7 JPEO Pictxire structtire 

There are two distinct levels of baseline JPEG decoding 
supported by the Spatial Decoder: up to 4 components per 
frame (Nr<4) and greater than 4 components per frame (N^>4). 
If Nf>4 is used, the control software required becomes more 
complex. 

A, 14. 4.7 .1 Mf<4 

The frame component specification parameters contained 
in the JPEG frame header configure the macroblock 
construction registers (see Table A. 14.8) when they are 
decoded. No user intervention is required, as all the 
specifications required to decode the 4 different color 
components as defined. 

For further details of the options provided by JPEG the 
reader should study the JPEG specification. Also, there is 
a short description of JPEG picture foxrmats in S A. 16.1. 
A. 14. 4. 7. 2 JPgG with more than 4 components 

The Spatial Decoder can decode JPEG files containing up 
to 2 56 different color components (the maximum permitted by 
JPEG) . However, additional user intervention is required 
if more than 4 color component are to be decoded. JPEG 
only allows a maximum of 4 components in any scan. 



only •iiows a maximum of 4 compojients in any scan. 
A. 14. 4. 8 Non-standard variants 

AS stated above, the Spatial Decoder supports some 
picture formats beyond those defined by JPEG and MPEG. 

JPEG limits minimum coding units so that they contain no 
more than lo blocks per scan. This limit does not apply to 
the spatial Decoder since it can process any minimum coding 
unit that can be described by blocks_h_n, blocks v n, max h 
and max_v. ~ - 

MPEG is only defined for 4:2:0 macroblocks (see Table 
A. 14.8). However, the Spatial Decoder can process three 
other component nacroblock structures, (e.g., 4:2:2. 
A. 14. 5 Video events and errors 

The Video Demux can generate two" types of events: parser 
events and Huffman events. See A. 6. 3, "Interrupts" for a 
description of how to handle events and interrupts. 
A.14.S-1 Huffman events 

Huffman events are generated by the Huffman decoder 
.he event which is indicated in huf f man_event and 
huffman_mask determines whether an interrupt is generated. 
If huff.an_mask is set to i, an interrupt will be generated 
and the Huffman decoder will halt. The register 
huffman_error_codeC2:0] will hold a value indicating the 
cause of the event. 

If 1 is written to huf f man_event after servicing the 
interrupt, the Huffman decoder win attempt to recover from 
the error. Also, if huffman_mask was set to 0 (masking the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover from the error 
automatically . 
A. 14. 5. 2 Parser events 



Parser events are generated by the Parser, 



The event is 
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indicate* in parser_event . Thereafter, parser_inask 
determines whether an interrupt is generated. if 
parser_mas)c is set to l , an interrupt will be generated and 
the Parser will halt. The register parser error.code r 7 : o ) 
Will hold a value indicating the cause of event 

If 1 is written to huf f man_event after servicing the 
interrupt, the Huffman decoder will attempt to recover fro. 
the error. Also, if huf f man.mask was set to o (masJcing the 
interrupt and not halting the Huffman decoder) the Huffman 
decoder will attempt to recover form the error 
automatically . 

If 1 is written to parser_event after servicing the 
interrupt, the Parser will start operation again. if the 
event indicated a bitstream error, the Video Demux will 
attempt to recover from the error-. 

If parser_mask was set to 0, the Parser will set its 
event bit, but will not generate an interrupt or halt. it 
will continue operation and attempt to recover from the 
error automat ical ly . 



12) 



huftman^trrof _coo# 



(11 



(0) 



Ocscnotion 



No trror. This tnor sftoutc not occLir Sunrg 
norma) ooeraoon. 



P«i*eO 10 fine ttrminai cooe m VLC •^Tim 1 5 
bits. 



Poune sanat dau wnen Toktn excec:e3 



Pound Token wnen stnai cau exDscie-; 



In/ormauon cescnOing .—.ore tr.an 5-i 
coefficients for a single otock was recocec 
indicaiing a DiUtream arror The o*ock ounsu: ry 
the Video Oemux wiii contain onty 64 
coefficients. 



Table A, 14. 11 Huffman error codes 



0af»er_erfOf.co0e[7:01 



Oeacription 



0x00 



SSR.NO.SRROR 




No Parser error has occured. tft.s eveni should not occur during .-.ormaj cr-rancr.. 



ERfl_£XTENS»ON_T0KEN 



An EXTENSION.OATA Token has been detected by the Parser. The .e;ec::on ot 
this Token Should preeeed a DATA Token mat contains the enens.on data. See a. 



EflR.EXTENSlON.OATA 



Pouowmg the detection of an EXTENSION.OATA Token, a DATA To«en 
containing the extension data has been detedcted. See A.t4.6 



ERR.USER.TOKEN 

A USER.DATA Token has been detected by the Parser. The detection of n.s To^tn 
Should oreceed a DATA Token that contains the u*ser data. See a. m.6 




ERR.USER.OATA 

Following ff^e detection ot a USER.DATA Token, a DATA Token contam.rg .,ser 
dau has been deteocted. See A. i4.6 
ERR.PSPARE 

K2St PS ARE in/ormauon r^as been detected see A. 14.7 
Tadl€A.14.i2 Parser error codes (Sheet 1 of 5) 



0x21 



0x22 



0x30 



0i3i 



0x32 



0x33 



0x34 



M.261 GSare information naa been ::e(ecie< see a. m 7 



value 0/ tne H.2S . c-cn^re ryoe ^as cnanged. The re^.s:er n.26 1 .p-c .ryoe can 
insoectto to s«< what ine new value is. 



Picftjre size or Ns cnanged 



SaR.JPSG.SCAN.COMP 
Comoonent Change ! 



ERR.ONL.MAflKER 



0x40 



0x41 



0x42 



EnR.MPEG.SEQUENCS 



One 0/ me parameters conmun«:ated m me MP£G sequence layer nas cnar?«. See 
A.14.8 



ERR.£XTRA_PICTUR£ 

MPEG ertrajnfoftnation^ture has be«n detected see A.i4 7 



ERfl,£XTRA.SUC£ 

MPEG extra.in/ormation.siice has been detected s«e a. m 7 



0x43 



ERR.VBV.DELAY 

The vev.OELAY parirteier (or the first picrjre .n a newMPHG v,deo sec-ence r.as 
been detected by me Video Oemux. The new value ot aeiay .s available -n r.e re;,s:er 
vbv_deiay. 

The first p^nire of a new seguence ts defined as me first p.ca^re arter a secue-ce e-^c. 
FLUSH or resec 



0x80 



ERR.SMORT.TOKcN 

An incorrecfly formed Token nas Oeen detecred. This error sncuid not occ. 
normal ooeraoon. 
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0*AS 



O«acnotion 

£Sfl.H26l.PiC.eNO.UNex?ECT£D 
Ounng H.251 ooeraoon j,. end 0/ a ccrure D«n erccunte.ee at an .r,,,ec:e. 
position. rhi5 is likefy tc tnctcaie an errcr m ;ne coce<3 ca:a 
£afl,GN.3ACKUP 



Ounng M^6i ooenoon a grouo of Weeks has t>e«n encoun.erec a ;rcur -ur-:-^ 
less inan !nat erpecteo. Th,s is tikeiy to inocatt an error in ir.e cacecj ca:a. 




Ounng jpcQ ooraoon ^^ere b«n an antmot to down ica. a Huff;nan ur.e t.at . 
not supoorted by b«^.n. JPEG (baseline jpcQ ^n.y suppons laoi.s C and 1 for 
•nffooy eeOing). 
£flR_QUANT_?RECIS10N 
Ounn, JPEG ooriKon tn.r. 6„n .„ .nemo, ,o down loas a Quan,;sa.cn :ac,e --a; 
« no. suoocn,e by b.,.«n. JPEG (S«..in, jpeg on.y suooors 3 6„ :,ec:s.en 
QuantiMiion tabits). 



6RR_SAMPL£_PRECISION 

Ounng JPEG OD«r.<ion n„ .„ . ^^^^^^^ 

t».n ^eoont by b...4in. JP£G (b«s «,,n. JPgG only «;eoons 8 b-. rr«*on,. 
6RR_N8ASE_SCAN 

On. or mor. ol th, JPEG scan h„o,r o.r.m.,.,, s». S«. An A. i, t= , .ot 
suoponeo by b«M«n« JPEG (indicating ,o«,r4 s»,*cUon anc rr ,uc=.«,v, 
aocreiimaaon wnieft not suoooriM in bas«iin« JPEG). 
ERR_UNEXPECTEO_ONL 

During JPEG operation , Onl marK.r n., c.,n .,«our,er.o ,n a scan -..a; s ,-.o. :.-.e 
first scan in a frame. 



£Rfl,50S.U(S(EXP£CTcO 

Ounng jP£G ooeraoon an EOS marker ha« _ 

^f'^gr nas been encountere-s :n an ^;neI^ec:•c rracs 
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Oeacnpuon 

£3R.RHSTa«T_SKIP 

Dunng JP£G OOeraoon a r«;an manner r^s Seen .nccunter« ..c^er :n ,n an 
unexpecrw oUct or one vt.u« of rtsan marKer ,5 wre,r«:-- a '«:a.r -ar... s 
nor rounc When one ,s txoecred me Huffman event 'c^^r.c seraj ra- -.e- -^.n 
exoectec* be generated. 





SnR.SKIP.INTRA - 

Ourmg vPc.3 ooenncn. a macro oiock witn a macro 0.0c. a=r:.ss .-cr.^e-: ...3..,, 
tnan t has oeen found withm an .ntra (i) pcfure. Thrs .s diegai irt rr-asiv .-r :a:-s a 
bitstream error. 



eSR.SKIP.OlNTSA • 

Dunr^ MP£G oceration. a macro WocK w^m a macro o.oc. a=d:e« rcre^er: ;rea:e. 

tnan 1 has oeen found w.ih,n an OC onry (0) p^ture. Th.s .s .iie^a) a-d rrcrar.y 

indicates a Oitstreem error. 

6RR.aA0_MAflK£R 



During MP£G operaiion. a martcer bit did not have me excecrtd vaiue. ^ :.-trar.v 
indicates a &itstream error. 



£flR_O.MSTYP£ " '. 

Ounng MP£G ooeraUdr>. ^thm a OC onty (0) D<ture. a macrccioc. was .'curd a 

macrowooc type other ff.an t . This g i »egat and orooasiy .ncca:« a rra:rea.-n -r-cr 
ERR.D.MSENO 

Ounng MP£G operation. w,th.n a DC only fO) pcfur.. a macrctiock was fcur.c wim : :n 
irs ertd of maereoiocfc T>t,s >s iilegaj an d prooaPfy mpicates a ft-atr-am .rzr 
£RR.SVP.3ACKUP 

Ounng MP£G operation, a si.ce has been encountered with a 5;.ce ver:,ca-- rcs^.c- e^s 
than that expected. This is i keiy to indicate an error ,n me ccces dau 
cRfl.SVP.SKlP^ROWS 

Dur.ng MP£G operation, a s^ice has been encountered witn a s.xe ver.ca.. ,z, ,z 
greater than that expected. Thts .s likely to .nacate an error in re coct- rra. 




ERR.rST_M8A_9ACKUP 

Ounng MPEG operation, a macrob.ocK has been encountered w,:n a .r-.ac: 
address >ess than g.at expected. Th^ ^ uk.iy to .ncfcai. an erer ,n :ne t= 



: : :c< 
:fc :a:a. 
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OiS9 



Ounn, MPEG oer.non. , ^croe-oc, ^„ . 

m. , .,0^,^. n., „ „ .„ ^^^^^ 

ESR.'!CTUBE_=N0.UNEXPECT5D 

Ounn^ MPEG eparanon. a PICTUBP CMn t ^ 

a riu, 1 UHE_ENO To(,«n nas seen encountereo .n an 




Table A.14.12 Parser error codes (Sheet 5 of 5) 
Each star^dard uses a different sub-set of the defined 



arser error codes. 




Table A.14.13 Parser error codes and the different standards 
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Table A. 14.1 3 Parser error codes and the diWerent standards 



(contd) 
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A. 14 . 4 



^ aeceiving ust and Extension data 

MPEG and JPEG use s.^ilar mechanisms to embed user . 
extension data. The • ^ 

code. The start r h " P«ceded by a start /mar).er 

.ata^serA TT"^ " ^° ^^-^ 

in such data. ^ ^ application has no interes 



6 1 Identifying th. source of the data 

ERR_USEP_TOKEN, indicate the arrival of the EXTENSlo. n 
> or USER_DATA Token at the Video Demux if thT ' " 
^^ave been generated by the Start clr'n . 
A 11 3 y tne start Code Detector, (see 

Parser xn.e.rup.. ^h. Viaeo OeL win 

A-"-..:! "..din, th. = . inrerrupcs-, . 

The EXTENSION_0ATA and user oaTA Token. 
«xtension or user dat. t^k "rryinc, the 

or an z«...s....A;r.:r« r::en\"";r,^''^-™-™ 

OATA T=.en can be read by read^no tn °' 

-hila servicin, the interrupt ' ""-"^^-Ch register 

The Stat. Of the Video Demux r.oister con. ■ 
determines b.havior after th. continue, 
register hoids the va iue o then'a" " 

OATA Token „iii be consumed by the v'ileTr'"' 
events wi i i k« video Demux and no 

«nts wiii be generated Tf i-k-=. 

event .-Ui b. generated as each byte " 

-.a arrives at the Video Oelx. ^h,: c:::"""" " 

OATA Token is exhausted or continue s s.t ^o'o" 



DThe first byte of the extension/user data 

is always presented via the rom_revision 
register regardless of the state of 
continue. 

2) There is no event indicating that the last 
byte of extension/user data has been 
read. 

A. 14. 7 Receiving Extra information 

H.261 and MPEG allow information extending the coding 
standard to be embedded within pictures and groups of 
blocks (H.261) or Slices (MPEG). The mechanism is 
different from that used for extension and user data 
(described in Section A. 14. 6). No start code precedes the 
data and, thus, it cannot be deleted by the Start Code 
Detector . 

ER^csPAPr" — ERR_PSPARE and 
ERR_GSPARE xndxcate the detection of this information. The 
corresponding events during MPEG operation are 
ERR_EXTRA_PICTURE and ERR_EXTRA_SLICE . 

When the Parser event is generated, the first byte of 
the extra information is presented through the register 
rom_revision. ' 

The state of the Video Demux register, continue, 
determines behavior after the event is cleared. if th.s 
register holds the value o, then any remaining extra 
information win be consumed by the Video Demux and no 
events will be generated. if the continue is set to l, an 
event wxU be generated as each byte of extra informatxon 
arrives at the Video Demux tk i » 

xueo uemux. Thxs continues until the extra 

inforr,ation is exhausted or continue is set to 0 

NOTE: 

l)The first byte of the ^vrar,^i^ , 

J- = wj. une extension/user data is 

always presented via the rom revision 
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— » register regardless of the state of 
cont inue . 

2) There is no event indicating that the last 
byte of extension/user data has been 
read. 

A. 14. 7.1 Generation of the FlELD_INFO ToJcen 

During MPEG operation, if the register field_info is set 
to 1, the first byte of any extra_inf ormat ion_picture is 
placed in the FIELD_INFO Token. This behavior is not 
covered by the standardization activities ofMPEG. Table 
A. 3. 2 shows the definition of the FIELD_INFO Token. 

If field_info is set to i , no Parser event win be 
generated for the first byte of extra.inf orination_picture 
However, events will be generated for any subsequent bytes 
of extra_information_picture. If there is only a single 

byte Of extra_infornation_picture, no Parser event will 
occur . 

A. 14.8 Changes at the MPEG sequence layer 

The MPEG sequence header describes the following 
Characteristic of the video about to be decoded: 
horizontal and vertical size 

• pixel aspect ratio 
picture rate 

• coded data rate 

video buffer verifier buffer size 

If any of these parameters change when the Spatial 
Decoder decodes a sequence header, the Parser event 
ERR_MPEG_SEQUENCE will be generated. 
A. 14. 8.1 Change in picture size 

If the picture size has changed, the user's software 
Should read the values in horiz.pels and vert_pels and 
compute new values to be loaded into the registers 
hcriz_r.acroblocks and vert_niacroblocks . 



SECTION A. 15 Spatial Decoding 

in accordance with the present invention, the spatial 
decoding occurs between the output of the Token buffer and 
the output of the Spatial Decoder. 

There are three main units responsible for spatial 
decoding: the inverse .odeler, the inverse quantizer and 
the inverse discrete cosine transf orn,er . At the input to 
this section (from the Token buffer) DATA Tokens contain a 
run and level representation of the quantized coefficients 
At the output (Of the inverse DCT) DATA Tokens contain 8x8 ' 
blocks of pixel information. 
A. 15.1 The Inverse Modeler 

DATA Tokens in the Token buffer contain information 
about the values of quantized coefficients and the number 
Of zeros between the coefficients that are represented. 
The inverse Modeler expands the information about runs of 
zeros so that each DATA Token contains 64 values. At this 
point, the values in the DATA Tokens are quantized 
coefficients . 

The inverse modelling process is the same regardless of 

Is re"u:::d^'^"^^' ^--^-^^^ - --on 

noden ' "T^" understanding of the modelling and inverse 
node .ng function all requirements the reader can examine 
any of the picture coding standards. 
A. 15.2 Inverse Quantizer 

in an encoder, the quantizer divides down the output of 
the DCT to reduce the resolution of the DCT coefficients 
In a decoder, the function of the inverse quantizer is to 
nultxpiy up these quantized DCT coefficients to restore 
-^err, to an approximation of their original values. 
A. IS. 2.1 overview of the standard quantization schemes 
There are significant differences in the quantization 
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scheme* ^ed by each of the different coding standards to 
Obtain a detailed understanding of the quantization sche.es 
used by each of the standards the reader should study the 
relevant coding standards documents. 

The register iq_coding_standard configures the ooeration 
Of the inverse quantizer to meet the requirements of the 
different standards. m normal operation, this coding 
register is automatically loaded by the CODING_STANDARD 
Token. See section A. 21.1 for more information about coding 
Standard conf igurat ion . 

The mam difference between the quantization schemes is 
the source of the numbers by which the quantized 
coefficients are multiplied. These are outlined below 
There are also detail differences in the arithmetic 
operations required (rounding etc.), which are not 
described here. 

A. IS. 2. 1.1 H. 261 IQ "vervigw 

In H.261, a single "scale factor" is used to scale the 
coefficients. The encoder can change this scale factor 
periodically to regulate the data rate produced. Slightly 
different rules apply to the "DC" coefficient in intra 
coded blocks. 

A. 15.2.1.2 J PEG IP over V law 

Baseline JPEG allows for a picture that contains up to 4 
different color components in each scan. For each of these 
4 color components, a 64 entry quantization table can be 
specified. Each entry in these tables is used as the 
"scale" factor for one of the 64 quantized coefficients. 

The values for the JPEG quantization tables are 
contained in the coded JPEG data and will be loaded 
automatically into the quantization tables." 
A.IS.3. 1.3 MPEG 10 overview 

MPEG uses both H.261 and JPEG auanri,»i.- * ^ • 

^ quantization techniques. 

Like JPEG, 4 quantization tables, each wirn ^ • 

eacn with 64 entries, can 
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10 



15 



TWO °' '^"'"^ ''"^^^ different. 

TWO types" of data are considered: intra and non- 

ntra a different table is used for each data type. Two 
default" tables are defined by mp.c. One is for use 
.ntra data and the other wi.h non-intra data (see Table 
A.15.2 and Table A. 15. 3). These default tables nust be 
wrxtten into the quantization table memory of the Spatxal 
Decoder before MPEG decoding is possible. 

MPEG also allows two "down loaded" quantization tables 
one .3 for use with intra data and the other with non-mtra 
data. The values for these tables are contained in the 
MPEG data stream and will be loaded into the quantization 
table memory automatically. 

The value output fron> the tables is modified by a scale 
factor. 

A- IS. 2. 2 Inverse quantizer registers 
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Ocscnotion 



tq_4CCMS 


1 

rw 


0 


This acctu ftu scops tn« octrauon ot m« invert quanuser $o ir.at ;a 
vinous f«^isttrs can be accassM re'iaMy. Sec a.6.4.1 




2 


0 


Thts register configures ;ne cooing sunoaro usefl Oy me inverse 
Quan&ser. The register can oe loaaec <Srectiy or cy a 
CODING.STANDARD Token. See A.2i i 




e 


z 


Keynote access to the whicn noios ire * cuancser laoies. See a.5 j 3 
'or more informaiion aoout accessing rsgisiers inrcL;;.-! a 

keynote. 


iq_k«ynoi«.da« 


6 


z 



Table A. 15.1 Inverse quantizer registers 
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In the-present invention, the iq_access register must 
set before the quantization table memory can be accessed 
The quantization table memory will return the value zero 
an attempt is made'to read it while iq_access is set to o 
A. 15.2.3 Configuring the inverse quantizer 

in normal operation, there is no need to configure the 
inverse quantizer's coding standard as this will be 
automatically configured by the C0DING_STANDARD Token. 

For H.261 operation, the quantizer tables are not used 
NO special configuration is required. For JPEG operation 
the tables required by the inverse quantizer should be 
automatically loaded with information extracted from the 
coded data. 

MPEG operation requires that the default quantization 
tables are loaded. This should be done while iq_access is 
set to 1. The values in Table A. 15.2 should be written 
into locations 0x00 to Ox3F of the inverse quantizer's 
extended address space (accessible through the keyhole 
registers iq_keyhole_address and iq_keyhole_data) 
Sin,ila;:ly, the values in Table A. 15. 3 should be written 
into locations 0x40 to 0x7F of the inverse quantizer's 
extended address space. 
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1 

2 
3 

4 

5 
6 
7 
8 
9 

10 
11 
12 
13 

14 

15 



e 


16 


57 
A / 


16 


17 


« / 


16 


16 




19 


19 




16 


20 


CO 


19 


2\ 


CO 


22 


22 


27 


22 


23 


27 


22 




27 


22 


25 


29 

C9 


22 


26 


29 


22 


27 


29 


26 


26 




24 


29 


34 


26 


30 


34 


27 


31 


" 1 



33 

34 

35 

36 

37 

38 

39 

40 

41 
42 
43 
44 

45 

46 

47 



29 
27 
27 
29 
29 

32 

32 

34 

34 

37 

36 

37 
35 
35 
34 



48 

49 

so 

51 

32 

53 

54 

55 

56 

57 

56 

59 

60 

61 

62 

63 



35 
36 

:8 

40 

40 

40 

48 

48 

46 

46 

56 

56 

58 
69 
69 
83 



Table A, 15.2 Default MPEG table for intra coded blocks 

a. Offset from start of quantization table 

memory 

b. Quantization table value. 
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W 


16 


1 


16 


32 


1 


46 


16 


] 


16 




16 


33 


16 


49 


16 




16 


16 


16 


34 


16 


50 


i,. 




16 


19 


16 


35 


!6 


51 


i 




16 


20 


16 


36 


1 

! 16 


32 


:' ■ 3 




1.6 


21 


16 


37 




53 












16 




[ 


16 


22 


16 


38 


16 


54 


1 
1 

1 


7 


16 


23 


15 


39 


• 6 


£5 


I 

15 


8 


16 


24 


:6 


40 


16 


56 


16 


9 




25 


16 


41 


16 


57 


:5 


to 


16 


26 




42 


16 


56 


:5 


1 1 


16 


27 




43 


16 




' 5 


12 


16 


28 




44 


16 


60 


;5 


13 


16 


29 


16 


45 


16 


61 


15 


M 


16 


30 


16 


46 


16 


62 


15 


15 


1 


31 


16 


47 


1 


" 1 


15 



A.15.2.« configurin? t«tl«, from Tok«ns 

AS an alt.rn.tiv. to configurtn, the inverse quantizer 
tables Via the «PI, they can t.e initialized by Tokens. 



0 and 1 need 



The QUANT.TABLE Token is described in Table A. 3. 2 It 
has a .wo bit f.eld ct vhich specifies which of the 4- (O to 
3) table locations is defined by the Token. For MPZG 
operation, the default definitions of tables 
to be loaded. 

A. IS. 2. 5 quantization table values 

For both JPEG and MPEG, the quantization table entr.es 
are 3 bit numbers. The values 255 to i are legal 
value 0 is illegal. 

A. 15.2. 6 Number ordering of quantization tables 



The 
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Th^v-nti»tion cable values are used in "tig-^ao" scan 
orde e standards,. xn. .aM,= should J " 

viewed as a one dimensional array of values (rather than 
a axs array, . The table entries at lower addresses 
correspond to the lower fre,uency DCT coefficients. 

When quantization table values are carried by a 

isTf "b'l ""^ '^^"^ — 

IS the table entry for the -DC" coefficient. 
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A.1 5.2.7 Inverse quantizer test registers 





Register Name 




SIze/Dir. 


Reset State 


Description 




iq_quant_scale 


5 




This register holds the current value of the quantisation scale factor. 
It is loaded by the QUANT_SCALE Token. This is not used during 


as It, 




rw 




JPEG operation 




ia cofTiDonent 


2 




ThiQ rpniQtfir hnlHQ tho t\A/r> hit ^*f^mr^r^nonf IPk tal^an frr\m tKa mr\c¥ 

I 1 IIO IC^IOld 1 lUIUO LI IC IWU Ull LtUM ipUl Id 11 lU IdlSCII IIUIII UlC lllL/ol 










recent DATA token head. This value is involved in the selection of 






rw 




the quantiser table. 










The register will a!so hold the table ID after a QUANT_TABLE Token 


5 








arrives to load the table. 




iq_prediction_mo 


2 




This holds the two LSBs of the most recent PREDICTION_MODE 




de 








SI 




rw 




Token. 


* ^• 

star-: 


iqjpegjndirecti 


8 




This register relates the two bit component ID number of a DATA 




on 


rw 




Token to the table number of the quantisation table that should be 








used. Bits 1:0 specify the table number that will be sued with 
component 0 Bits 3:2 specify the table number that will be sued with 
component 1 

Bits 5:4 specify the table number that will be sued with component 2 
Bits 7:6 specify the table number that will be sued with component 3. 
This register is loaded by JPEG_TABLE_SELECT Tokens. 




iq_nnpeg_indirect 


8 


0.00 


This two bit register records whether to use default or down loaded 




ion 


rw 




quantisation tables with the intra and non-intra data. 

A 0 in the bit position indicates that the default table should be 
used.A.1 indicates that a down loaded table should be used. Bit 0 
refers to intra data. Bit 1 refers to non-intra data. This register is 
normally loaded by the Token MPEG_TABLE_SELECT. 



Table A.1 5.4 Inverse quantizer test registers 
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A.lS.j^ inverse Discrete Cosine Transform 

The inverse discrete transform processor of the present 
inventxon meets the requirements set out in CCITT 
recommendation H.261, the IEEE specification Piiso and 
= =:nplxes with the requirements described in current draft 
revision of MPEG. araft 

The inverse discrete cosine transform process is the 
same regardless of which coding standard is used. No 
configuration by the user is required. 

There are two events associated with the inverse 
discrete transform processor. 



Regi$;er name 



l3ct.too_(tw_«v«nt 



iOCt_ioo.f«w_ma$*c 



ldci_too.many.tv«ni 



idct.too_many_fna»ic 



i 



c 



Oescftotion 

T>.« inv,r« OCT r,Qu,r« m,i DATA ToK.n, can«.„ ^ ' 

v.lu«. .f i.„ :n*„ 6- .«u., (ouno ,r^„ roow.w .v,n, .... 

gancratad «nd tti* inv«rM OCT haiL 

TT..« .v.n, a^oulg only eccur foHowing .n ,nor ,n tf,, eod W Caa. 
Tb. InvTM OCT ,«w.r« m., « DATA Tok.,« eonum ,„cDy 6- 
v*u«. .f mor. »,.n 6* v.ui« .r. ,ound m.n m. ,o,vauny .ven> w.„ 
g«A«r«(.d. f( ih. mwk r^,r « (o 1 (n.n i„,.„„o, 
g«n«rai«d and tn* inv«r»« OCT ha/L 

This «v,n, sftouw on^ occur following ,n , nor ,„ ^odeo oau. 

Table A.15.S Inverse OCT event registers 

For a better understanding of the DCT ,„h 

. -a W4. tne ucT and inverse DCT 
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SECTPQN A. 16 Connecting to the output of Spatial 
Decoder 

The output Of Che Spatial Decoder . ^ . 

-rt ..t. , p.t „i.e data words. s« Sect^r r. /o?'" 
information about the electrical behavior of th" 

The Tokens present at th. . """^^"■^ °f the interface, 
present at the output win depend on the 
cod n, standard employed. b, w„ of example, this section 
Of the disclosure looKs at the output of the Spatial 
Decoder when configured for .Pre operation. This section 

1.0 describes the Token sequence observed at the output of 
the Temporal Decoder durin, .PEG operation as th. Temporal 
Decoder doesn-t .odify the ToKen sequence that results fro„ 
decoding JPEG. ^^'-^j-ts rrom 

However, MPEG and H.2ei both require th. use of th, 

coZ:: T'"- '«=-ation about 

connecting to th. output of th. Temporal Decoder when 
configured for MPEG and H.261 op.ration 

Furthermore, this section identifies which of the Tok-ns 

that = r ""''"-9 Circuits to display 

that output. other ToK.ns will be present, but are "ot 
needed to display th. output and, therefore, are not 
discussed here. 

This section concentrates on showing: 

HOW the start and end of sequences can 
be identified. 
• HOW the start and end of pictures can be 
identified . 

•HOW to identify when to display the picture 
•How to identify where in the display the 
picture data should be placed. 
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15 



m 

o 

2 0 



ll.l€«l s^ruetur* f JPia plotur^s 

This secti n provides an verview of soae features of 
the JPEG syntax. Please refer to the coding standard for 
full detailiB. 

„ 5 JPEG provides a variety of mechanisms for encoding 

individual pictures. JPEG makes no attempt to describe how 
a collection of pictures could be encoded together to 
provide a mechanism for encoding video. 

The Spatial Decoder, in accordance with the present 
10 invention, supports JPEG's baseline SBquential mode of 
operation. There are three main levels in the syntax: 
Image, Frame and Scan. A sequential image only contains a 
single frame. A frame can contain between 1 and 256 
different image (color) components. These image components 
can be grouped, in a variety of ways, into scans. Each 
scan can contain between 1 and 4 image components (see 
Figure 81 ••Overview of JPEG baseline sequential 
structure**) , 

If a scan contains a single image component, it is non- 
interleaved, if it contains more than one image component, 
it is an interleaved scan. A frame can contain a mixture 
of interleaved and non-interleaved scans. The number of 
scans that a frame can contain is determined by the 2 56 
limit on the nximber of image components that a frame can 
25 contain. 

Within an interleaved scan, data is organized into 
minimum coding units (MCUs) which are analogous to the 
macroblock used in MPEG and H.261. These MCUs are raster 
ordered within a picture. in a non-interleaved scan, the 
MCU is a single 8x8 block. Again, these are raster 
organized. 

The Spatial Decoder can readily decode JPEG data 
containing 1 to 4 different color components. Files 
describing greater numbers of components can also be 
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decoded. However, some rec nfiguration between scans ma 
be required to accomnodate the next set of components to 
decoded. 

A.1C.2 Token sequence 

The JPEG markers codes are converted to an analogous 
MPEG named Token by the Start Code Detector (see Table 
A. 11. 4, see Fig. 82 "Tokenized JPEG picture"). 



SECTieiV A. 17 Temporal Decoder . 

• 30 MH, operation 

■Provides temporal decoding for MPEG & H.261 video decoder- 
H.261 CIF and QCIF formats 

MPEG video resolutions up to 704x480, 30 Hz, 4:2:0 
Flexible chroma sampling formats 
Can re-order the MPEG picture sequence 
Glue-less DRAM interface 
Single +5V supply 
208 pin PQFP package 
Max. power dissipation 2 . 5W 
Uses standard page mode DRAM 
The Temporal Decoder is a companion chip to the Spatial 
Decoder. It provides the temporal decoding required by 
H.261 and MPEG. 

The Temporal Decoder implements all the prediction 
forming features required by MPEG and H.261. with a single 
4 .Mb DRAM (e.g.. 512 k x 8) the Temporal Decoder can decode 
CIF and QCIF H.261 video. With 8 Mb of DRAM (e.g., two 256 
k X 16) the 704 X 480, 30H2, 4:2:0 MPEG video can be 
decoded . 

The Temporal Decoder is not required for Intra coding 
schemes (such as JPEG). if included in a multi-standard 
decoder, the Temporal Decoder will pass decoded JPEG 
pictures through to its output. 

Nof : The above values ar. ».rely illustrative, by way of 
•xaaple and not necessarily by way of limitation, of one 
embodiment of the present invention. it will be 
appreciated that other values and ranges may also be used 
without departing from, the invention. 
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A. 17.1 Temporal Decoder Signals 



Signal Name 


I/O 


Pin Number 


Description 


in dataTft Ol 


1 


17*^ 179 171 IRQ 1fift 1fi7 Ififi 1fi4 Ifi*^ 


inpui nun. 1 nis is a sianaaru iwo wtre 


)n_extn 


1 


174 


■ interface normally connected to the 
. Output Port of the Spatial Decoder 


in_valid 


1 


162 


See sections A.4 and A.181 


in_accept 


O 


161 




p.nnhlp [1 n] 


1 


126, 127 


Micro Processor Interface (MPI) 




1 






adclr[7:0) 


1 


137. 136. 135. 133, 132. 131. 130, 128 




data[7:0] 


o 


152. 151. 149, 147. 145. 143, 141, 140 


See A.6. 1 . on page 69 


irq 


0 


154 




DRAM_data[31:0] 


I/O 


15. 17, 19, 20. 22, 25. 27. 30. 31. 33. 35. 
38, 39, 42. 44. 47. 49. 57. 59. 61 . 63. 66 
68, 70. 72. 74. 76, 79. 81, 83. 84. 85 


DRAM Interface. 
See section A.5.2 


DRAM_addr[10:0] 


0 


184, 186, 188. 189, 192, 193. 195, 197. 
199. 200, 203 




0 


11 


C>^i3 13.01 


0 


2,4,6.8 


WE 


0 




OF. 


o 


204 


DRAM_enable 


1 


112 


out_dataI7:0] 


0 


89, 90, 92. 93, 94, 95, 97, 98 


Output Port, this is a standard two 
wire interface. 

See sections A.4 


out_extn 


0 


87 


out_valid 


0 


99 




1 
1 


lUU 


tck 


1 


115 


JTAG port. 
See section A.8 


tdi 


1 


116 


tdo 


0 


120 


tms 


1 


117 


trst 


1 


121 


decoder clock 


r 


177 


The main decoder clock. See Tabfe 


reset 


1 


160 


Reset. 



Table A. 17.1 Temporal Decoder signals (contd) 
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a 




Table A. 17. 3 Temporal Decoder Pin 
Aasignmenta (contd) 

A. 17. 1,1 ..ac" no connact pins 

products. These pxns should be left unconnected. They 
should not be connected to V gnd k w 

other signal. . ' '''' "^"^^^ °^ 

A. 17. 1.2 v„p and GND pins 

As will be appreciated all the v and r-wn 
must be connected to th ^^"^ provided 

device Will n!t ! . "^^^P^^*^- supply. The 

ice Will not operate correctly unless all the V anH 
GND pins are correctly used. °° ^ 

A.17 1.3 Test Pin connections for normal operation 

Nine pins on the Temporal Decoder are reserved for 
internal test use. servea for 



^^•^^ JTAG pins for normal operation 



See Secti 



ion A. 8 . 1 



Aodf. (hex) 




Table A. 17, 5 Overvi 



•w of Temporal Decoder 







memory map 


AtfCf. 
(hex) 


Bit 
num. 


Register Name 


^a^e references 


QxOO 


7 


ettip.event 






« 1 


not usee 1 






1 1 


cftip.etopped.event j 






0 1 


eount.error_eveni j 




0x01 


' 1 


cfilp.mesk | 






« 1 


not used , 




1 1 enip.stopped.matk | 


1 


0 


count_efTor.me«*( | 





x«juxe A.17*6 



interrupt s.rvic. .raa registers 
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Table A. 17. 9 DRAM interfa 



ca configurat 



ion registers 
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Addr. 


Bit 


Register Name 


Page 








references 


(hex) 


num. 






0x28 


7 


not used 




6:4 


DRAM_addr_strengthI3 : 0] 




3:1 


CAS_strength[3:0] 




0 


RAS_strength[3] 




0x29 


7:6 


RAS_strength[2:0] 




o.o 


<jtivvt_sirengini*3.uj 




2:0 


DRAM_data_strength[3:0] 




Ox?A 


70 


refresh interval 




0x2B 


7:0 


not used 




0x2C 


7:6 


not used 






5 


DRAM enable 




4 


no_refresh 




3:2 


row_address_bits[1 :0) 




1:0 


DRAM_data_width[1:0] 




0x2D 


7:0 


not used 




0x2E 


7:0 


Test registers 





Table A.17.9 DRAM interface configuration registers (contd) 



Addr. 


Bit 


Register Name 


Page references 


(hex) 


num. 






0x40 


7:0 


not used 




0x41 


7:2 








1:0 


picture buffer 0[17:0] 




0x42 


7:0 




0x43 


7:0 






0x44 


7:0 


not used 




0x45 


7:2 








1:0 


pictu re_b uff e r_ 1 [ 1 7 : 0] 




0x46 


7:0 






0x47 


7:0 







Table A. 17.10 Buffer configuration registers 
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AHrlr 

Muur. 


Dll 


Register Name 


Page references 


(hex) 


num. 






0x48 


7:0 


not used 




0x49 


7:1 








0 


component offset 0[16:0] 




0x4A 


7:0 




0x4B 


7:0 






0x4C 


7:0 


not used 




0x4D 


7:1 








0 


component_offset_1[16:0l 




0x4E 


7:0 






0x4F 


7:0 






0x50 


7:0 


not used 




0x51 


7:1 








0 


component_offset_2[1 6:0] 




0x52 


7:0 






0x53 


7:0 






Table A.17.10 Buffer configuration registers (con td) 


Addr 


Bit 


Register Name 


Page references 


(hex) 


num. 






0x2E 


7... 4 


PLL resistors 






3... 0 






0x60 


7... 6 


not used 






5... 4 


coding_standard[1 :0] 






3... 2 


plcture_type[1:0I 






1 


H261_filt 






0 


H261_sJ 




0x61 


7... 6 


componentjd 






5... 4 


predictlon_mode 






3... 0 


max_sampling 




0x62 


7... 0 


samp^h 




0x63 


7 ... 0 


samp_v 




Table A.17.11 Test registers 





347 



Addr. 


Bit 


Register Name 


Page references 


(hex) 


num. 






0x64 


7... 0 


back_h 




0x65 


7 ...0 






0x66 


7 ... 0 


back_v 




0x67 


7 ... 0 






0x68 


7 ... 0 


forw_h 




0x69 


7 ... 0 






0x6A 


7... 0 


forw_v 




0x6B 


7 ... 0 






0x6C 


7 ...0 


width_in_mb 




0x6D 


7 ... 0 







Table A.17.11 Test registers (contd) 
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SECTION A. 18 Temporal Decoder Operation 
A.lt.l Dat« input 

The input data port of the Temporal Decoder is a 
standard Token Port with 9 bit wide data words. In most 
applications, this will be connected directly to the output 
Token Port of the Spatial Decoder. See Section A. 4 for 
more information about the electrical behavior of this 
interface. 

X.lt.2 Automatic eoBf iguration 

Parameters relating to the coded video's picture format 
are automatically loaded into registers within the Temporal 
Decoder by Tokens generated by the Spatial Decoder. 



15 



1 TokttB 


Coaf i9iiration p«rfora«d 


1 COOINO^STAMDAJID 


Th« coding •tandard of th« TMporal 
D«cod«r is automatically configurad by the 
COOZNG^STAMDAJtD Tokan. Thia ia ganaratad 
by tha Spatial Dacodar aach tima a naw 
aaquanca ia startad. Sea Figure 56 


OErZNE SAKPLIlfO 


The horizontal and vertical chroma 
aampling information for each of the color 
componenta ia automatically configured by 
DCrZKE_SAMPL2MO Tokena . 


1 BOR2 aOMTAL^KBS 


The horizontal width of pictures in macro 
blocka ia automatically configured by 
HORISONTAL^KBS Token. 



Tabla A.l8«l Configuration of Temporal 
Decoder via Tokens 
A. 18* 3 Menual configuration 

The user roust configure (via the microprocessor 
interface) application dependent factors. 
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A, 18.*^^ Wh«n to configure 

The Temporal Decoder should only be configured when no 
data processing is tak.ng place. This xs the default state 
after reset is removed. The Temporal Decoder can be 
stopped to allow re-configuration by writing i to the 
Chip access register. After configuration is complete, o 
should be written to chip_access. 

see section A. 5. 3 for details of when to configure the 
DRAM interface. 



10 A. 18. 3. 2 ORAM interface 

The DRAM interface timing must be configured before it 
II Predictively coded video (e.g., H..ei 

or MPEG,. see Section A. 5. "DRAM Interface". 



350 



Register Name 




1 Size/Dir. 1 




1 Reset Slate 1 


Description 


chip_access 


1 


1 


Writing 1 to chip_access requests that the Temporal Decoder halt operation to 
allow re-configuration. The Temporal Decoder will continue operating normally 
until it reaches the end of the current video sequence. After reset is removed 
chip_access=1 i.e. the Temporal Decoder is halted. 

When the chip stops a chip stopped event will occur. If chip_stopped_mask = 1 
an interrupt will be generated. 


chip_stopped_event 


1 


0 


chip_stopped_mask 


1 


0 


count_error_event 


1 

rw 


0 


The Temporal Decoder has an adder that adds predictions to error data. If there 

is a difference between the number of error data bytes and the number of 

prediction data bytes then a count error event is generated. 

If count_error_mask = 1 an interrupt will be generated and prediction forming will 

stop. 

This event should only arise following a hardware error. 


cou nt_error_mask 


1 

rw 




picture_buffer_0 


18 


X 


These specify the base addresses for the picture buffers. 


picture_buffer_1 


18 


X 


component_offset_0 


17 


X 


These specify the offset from the picture buffer pointer at which each of the 
colour components is stored. Data with component ID = n is stored starting at 
the position indicated by component_offset_n. See A. 3. 5.1. "Component 
Identification number". 


connponent_offset_1 


17 
rw 


X 


connponent_offset_2 


17 


X 


MPEG.recording 


1 

rw 


0 


Setting this register to 1 makes the Temporal Decoder change the picture order 
from the non-causal MPEG picture sequence to the correct display order by the. 
See A.I 8.3.5 . This register should is ignored during JPEG and H.261 operation. 



Table A. 18.2 Temporal Decoder registers 
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A.1 8.3.3 Numbers in pictur buffer registers 

The picture buffer pointers (18 bit) and the component offset 
(17 bit) registers specify a block (8x8 bytes) address, not a byte 
address. 

A.1 8.3.4 Picture buffer allocation 

To decode predictively coded video (either H.261 or MPEG) 
the Temporal Decoder must manage two picture buffers. See 
Section A. 18.4 and A. 18.4.4 for more information about how these 
buffers are used. 

The user must ensure that there is sufficient memory above 
each of the picture buffer pointers (picture_buffer_0 and 
picture_buffer_1) to store a single picture of the required video 
format (without overlapping with the other picture buffer). 
Normally, one of the picture buffer pointers will be set to 0 (i.e.. the 
bottom of memory) and the other will be set to point to the middle 
of the memory space. 

A,18.3.4.1 Normal configuration for MPEG or H.261 

H.261 and MPEG both use a 4:1:1 ratio between the 
different color components (i.e.. there are 4 times as many 
luminance pels as there are pels in either of the chrominance 
components). 

As documented in Section A.3.5.1 , "Component 
Identification number", component 0 will be the luminance 
component and components 1 and 2 will be chrominance. 

An example configuration of the component offset registers 
is to set component_offset_0 to 0 so that component 0 starts at the 
picture buffer pointer. Similarly. component_offset_1 could be set 
to 4/6 of the picture buffer size and component_offset__2 could be 
set to 5/6 of the picture buffer size. 
A. 18-3. 5 Picture sequ nee re-ord ring 
MPEG uses three different picture types: Intra (I), 
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Predicted (P) and Bidirectionally interpolated (B). B pictures are 
based on predictions from two pictures: one from the future and 
5 one from the past. The picture order is modified at the encoder so 
that I and P picture can be decoded from the coded date before 
they are required to decode B pictures. 

The picture sequence must be corrected before these 
pictures can be displayed. The Temporal Decoder can provide this 

10 picture re-ordering (by setting register MPEG_reordering = 1). 
Alternatively, the user may wish to implement the picture re- 
ordering as part of his display interface function. Configuring the 
Temporal Decoder to provide picture re-ordering may reduce the 
video resolution that can be decoded, see Section A. 18.5. 

15 A.18.4 Prediction fonning 

The prediction forming requirements of H.261 decoding and 
MPEG decoding are quite different. The CODING_STANDARD 
Token automatically configures the Temporal Decoder to 
accommodate the prediction requirements of the different 

20 standards. 

A.I 8.4.1 JPEG Operation 

When configured for JPEG operation no predictions are 
performed since JPEG requires no temporal decoding. 
A.1 8.4.2 H.261 Operation 

25 In H.261 , predictions are only from the picture just decoded. 

Motion vectors are only specified to integer pixel accuracy. The 
encoder can specify that a low pass filter be applied to the result of 
any prediction. 

As each picture is decoded, it is written in to a picture buffer 
30 in the off-chip DRAM so that it can be used in decoding the next 
picture. Decoded pictures appear at the output of the Temporal 
Decoder as they are written into the off-chip DRAM. 

For full details of prediction, and the arithmetic 
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Si 



Hi' 



operations involved, the reader is directed to the H.261 standard. The Temporal 
Decoder of the present invention is fully compliant with the requirements of H.261. 

A. 18.4.3 MPEG Operation (without re-ordering) 

The operation of the Temporal Decoder changes for each of the three different 
MPEG picture types (I, P and B). 

'T' pictures require no further decoding by the Temporal Decoder, but must be 
stored in a picture buffer (frame store) for later use in decoding P and B pictures. 



Si Decoding P pictures requires forming predictions from a previously decoded P or 

nj 10 I picture. The decoded P picture is stored in a picture buffer for use in decoding P and 
SI B pictures. MPEG allows motion vectors specified to half pixel accuracy. On-chip filters 

^' provide interpolation to support this half pixel accuracy. 

CI B pictures can require predictions from both of the picture buffers. As with P 

pictures, half pixel motion vector resolution accuracy requires on chip interpolation of the 
15 picture information. B pictures are not stored in the off-chip buffers. They are merely 
transient. 

All pictures appear at the output port of the Temporal Decoder as they are 
decoded. So, the picture sequence will be the same as that in the coded MPEG data 
(see the upper part of Figure 85). 

20 For full details of prediction, and the arithmetic operations involved, the reader is 

directed to the proposed MPEG standard draft. These requirements are met by the 
Temporal Decoder of the present invention. 

A.I 8.4.4 MPEG Operation (with re-ordering) 

When configured for MPEG operation with picture re-ordering 
25 (MPEG_reordering =1), the prediction forming operations are as described above in 
Section A. 18.4.3. However, additional data transfers are performed to re-order the 
picture sequence. 
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B picture decoding is as described in section A. 18.4.3. However, I and P 
pictures are not output as they are decoded. Instead, they are written into the off-chip 
buffers (as previously described) and are read out only when a subsequent I or P 
5 picture arrives for decoding. 

A.18.4.4.1 Decoder start-up characteristics 

The output of the first I picture is delayed until the subsequent P (or I) picture 
starts to decode. This should be taken into consideration when estimating the start-up 
ill characteristics of a video decoder. 

1 0 A.18.4.4.2 Decoder shut-down characteristics 

ni 

g| The Tennporal Decoder relies on subsequent P or I pictures to flush previous 

pictures out of its off-chip buffers (frame stores). This has consequences at the end of 
'h.k video sequences and when starting new video sequences. The Spatial Decoder 

provides facilities to create a "fake" l/P picture at the end of a video sequence to flush 
15 out the last P (or I) picture. However, this "fake" picture will be flushed out when a 
subsequent video sequence starts. 

The Spatial Decoder provides the option to suppress this "fake" picture. This 
may be useful where it is known that a new video sequence will be supplied to the 
decoder immediately after an old sequence is finished. The first picture in this new 
20 sequence will flush out the last picture of the previous sequence. 

A.18.5 Video resolution 

The video resolution that the Temporal Decoder can support when decoding 
MPEG is limited by the memory bandwidth of its DRAM interface. For MPEG, two 
cases need to be considered: with and without MPEG picture re-ordering. 

25 Sections A. 18.5.2 and A. 18.5.3 discuss the worst case requirements required by 

the current draft of the MPEG specification. Subsets of MPEG can be envisioned that 
have 
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lower memory bandwidth requirements. For example, using only integer resolution 
motion vectors or. alternatively, not using B pictures, significantly reduce the memory 
bandwidth requirements. Such subsets are not analyzed here. 

5 A.18.5.1 Characteristicsof DRAM interface 

The number of cycles taken to transfer data across the DRAM interface depends 
on a number of factors: 

• The timing configuration of the DRAM interface to suite the DRAM employed 

• The data bus width (8, 16 or 32 bits) 
0 • The type of data transfer: 

• 8x8 block read or write 

• for prediction to half pixel accuracy 

• for prediction to integer pixel accuracy 

See section A.5, "DRAM Interface", for more information about the detail 
5 configuration of the DRAM interface. 



Table A. 18. 3 shows how many DRAM interface "cycles" are required for each type 
of data transfer. 



Data bus width 
(bits) 


read or write 8x8 
block 


form prediction (half 
pixel accuracy) 


form prediction 
(integer pixel 
accuracy) 


8 


1 page address + 64 
transfers 


4 page address + 81 
transfers 


4 page address + 64 transfers 


16 


1 page address + 32 
transfers 


4 page address + 45 
transfers 


4 page address + 40 transfers 


32 


1 page address + 16 
transfers 


4 page address + 27 
transfers 


4 page address +24 transfers 



Table A. 18.3 Data transfer times for T mporal Decod r 
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Table A. 18.4 takes the figures in Table A. 18.3 and evaluates them for a "typical" 
DRAM. In this example, a 27 MHz clock is assumed. It will be appreciated that while 27 
MHz is used here, it is not intended as a limitation. The access start takes 1 1 ticks 
(102ns) and the data transfer takes 6 ticks (56 ns). 

A.I 8.5.2 MPEG resolution without re-ordering 

The peak memory bandwidth load occurs when decoding B pictures. In a "worst 
case" scenario, the B frame may be formed from predictions from both the picture 
buffers with all predictions being to half pixel accuracy. 



Data bus width 
(bits) 


read or write 8x8 
block 


form prediction (half 
pixel accuracy) 


form prediction 
(integer pixel 
accuracy) 


8 


3657 ns 


4907 ns 


3963 ns 


16 


1880 ns 


2907 ns 


2185 ns 


32 


991 ns 


1907 ns 


1741 ns 



Table A.18.4 Illustration with "typical" DRAM 



Using the example figures from Table A, 18.4, it can be seen that it will take the 
DRAM interface 3815 ns to read the data required for two accurate half pixel accurate 
predictions (via a 32 bit wide interface). The resolution that the Temporal Decoder can 
support is determined by the number of these predictions that can be performed within 
one picture time. In this example, the Temporal Decoder can process 8737 8x8 blocks 
in a single 33 ms picture period (e.g., for 30 Hz video). 
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If the required video format is 704 x 480, then each picture contains 7920 8 x8 
blocks (taking into consideration the 4:2:0 chroma sampling). It can be seen that this 
video format consumes approx. 91% of the available DRAM interface bandwidth (before 
5 any other factors such as DRAM refresh are taken into consideration). Accordingly, the 
Temporal Decoder can support this video format. 

A.1 8.5.3 MPEG resolution with re-ordering 

When MPEG picture re-ordering is employed the worst case scenario is 
encountered while P pictures are being decoded. During this time, there are 3 loads on 
10 the DRAM Interface: 

• form predictions 

• write back the result 

• read out the previous P or I picture 

Using the example figures from Table A. 18.3. we can find the time it takes for 
15 each of these tasks when a 32 bit wide interface is available. Forming the prediction 
takes 1907 ns/n while the read and the write each take 991 ns, a total of 3889 ns. This 
permits the Temporal Decoder to process 8485 8x8 blocks in a 33 ms period. 

Hence, processing 704 x 480 video will use approximately 93% of the available 
memory bandwidth (ignoring refresh). 

20 A.18.5.4 H.261 

H.261 only supports two picture formats GIF (352 x 288) and QCIF (172 x 144) 
at picture rates up to 30 Hz. A GIF picture contains 2376 8 x 8 blocks. The only 
memory operations required are the writing of 8 x 8 blocks and the forming of 
predictions with integer accuracy motion vectors. 

25 Using the example figures from Table A. 18.4 for an 8 bit wide memory interface, 

it can be seen that writing each block will take 3657 ns while forming the prediction for 
one block will take 3963 ns/n, a total of 7620 ns per 
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block. Therefore, the processing time for a single GIF picture is about 18 ms, 
comfortably less than the 33 ms required to support 30 Hz video. 

A.18.5.5 JPEG 

The resolution of JPEG "video" that can be supported will be determined by the 
capabilities of the Spatial Decoder of the invention or the display interface. The 
Temporal Decoder does not affect JPEG resolution. 

A.18.6 Events and Errors 

A.18.6.1 Chip Stopped 

In the present invention, writing 1 to chip_access requests that the Temporal 
Decoder halt operation to allow re-configuration. Once received, the Temporal Decoder 
will continue operating normally until it reaches the end of the current video sequence. 
Thereafter, the Temporal Decoder is hatted. 

When the chip halts, a chip stopped event will occur. If chip_stopped_mask=1. 
an interrupt will be generated. 

A. 18.6.2 Count Error 

The Temporal Decoder, of the present invention, contains an adder that adds 
predictions to error data. If there is a difference between the number of error data bytes 
and the number of prediction data bytes, then a count error event is generated. 

If count_error_mask = 1 an interrupt will be generated and forming prediction will 

stop. 

Writing 1 to count_error_event clears the event and allows the Temporal 
Decoder to proceed. The DATA Token that caused the error will then proceed. 
However, the DATA Token that caused the error will not be of the correct length (64 
bytes). This is likely to cause further problems. Thus, a count error should only arise if 
a significant hardware error has occurred. 
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SECTION A.19 Connecting to the output of the 

Temporal Decoder 

The output of the Temporal Decoder is a standard Token Port with 8 bit wide 
data words. See Section A. 4 for more information about the electrical behavior of the 
interface. 

The Tokens present at the output of the Temporal Decoder will depend on the 
coding standard employed and, in the case of MPEG, whether the pictures are being re- 
ordered. This section identifies which of the Tokens are available at the output of the 
Temporal decoder and which are the most useful when designing circuits to display that 
output. Other Tokens will be present, but are not needed to display the output and, 
therefore they are not discussed here. 

This section concentrates on showing: 

• How the start and end of sequences can be identified. 

• How the start and end of pictures can be identified. 

• How to identify when to display the picture. 

• How to identify where in the display the picture data should be placed. 
A.19.1 JPEG output 

The Token sequence output by the Temporal Decoder when decoding JPEG 
data is identical to that seen at the output of Spatial Decoder Recall, JPEG does not 
require processing by the Temporal Decoder. However, the Temporal Decoder tests 
intra data Tokens for negative values (resulting from the finite arithmetic precision of the 
I DOT in the Spatial Decoder) and replaces them with zero. 

See Section A. 16 for further discussion of the output sequence observed during 
JPEG operation. 
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A.19.2 H.261 Output 

A. 19. 2.1 Start and end of sessions 

H.261 doesn't signal the start and end of the video stream within the video data. 
Nevertheless, this is implied by the application. For example, the sequence starts when 
the telecommunication connection is made and ends when the line is dropped. Thus, 
the highest layer in the video syntax is the "picture layer". 

The Start Code Detector of the Spatial Decoder in accordance with the invention, 
allows SEQUENCE_START and CODING_STANDARD Tokens to be inserted 
automatically before the first PICTURE_START. See sections A. 1 1.7.3 and A.1 1.7.4. 

At the end of an H.261 session (e.g., when the line is dropped) the user should 
insert a FLUSH Token after the end of the coded data. This has a number of effects 
(see Appendix A.31 . 1 : 

• It ensures that PICTURE_END is generated to signal the end of the last picture. 

• It ensures that the end of the coded data is pushed through the decoder. 

A.19.2.2 Acquiring pictures 

Each picture is composed of a hierarchy of elements referred to as layers in the 
syntax. The sequence of Tokens at the output of the Temporal Decoder when decoding 
H.261 reflects this structure. 

A.19.2,1 Picture layer 

Each picture is preceded by a PICTURE_START Token and each is immediately 
followed by a PICTURE_END Token. H.261 doesn't naturally contain a picture end. 
This Token is inserted automatically by the Start Code Detector of the Spatial Decoder. 

After the PICTURE_START Token, there will be TEMPORAL_REFERENCE and 
PICTURE TYPE Tokens. The 
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TEMPORAL_REFERENCE Token carries a 10 bit number (of which only the 5 LSBs are 
used in H.261) that indicates when the picture should be displayed. This should be 
studied by any display system as H.261 encoders can omit pictures from the sequence 
(to achieve lower data rates). Omission of pictures can be detected by the temporal 
reference incrementing by more than one between successive pictures. 

Next, the PICTURE_TYPE Token carries information about the picture format. A 
display system may study this information to detect if GIF or QCIF pictures are being 
decoded. However, Information about the picture format is also available by studying 
registers within the Huffman decoder. 

<Xref to Huffman decoder section> 

A.1 9,2,2.2 Group of Blocks Layer 

Each H.261 picture is composed of a number of "groups of blocks". Each of 
these is preceded by a SLICE_START Token (derived from the H.261 group number 
and group start code). This Token carries an 8 bit value that indicates where in the 
display the group of blocks should be placed. This provides an opportunity for the 
decoder to resynchronize after data errors. Moreover, it provides the encoder with a 
mechanism to skip blocks if there are areas of a picture that do not require additional 
information in order to describe them. By the time SLICE_START reaches the output of 
the Temporal Decoder, this information is effectively redundant as the Spatial Decoder 
and Temporal Decoder have already used the information to ensure that each picture 
contains the correct number of blocks and that they are in the correct positions. Hence, 
it should be possible to compute' where to position a block of data output by the 
Temporal Decoder just by counting the number of blocks that have been output since 
the start of the picture. 

The number carried by SLICE_START is one less than the 
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H.261 group of blocks number (see the H.261 standard for more information). Figure 94 
shows the positioning of H.261 groups of blocks within GIF and QCIF pictures. NOTE: 
in the present invention, the block numbering shown is the same as that carried by 
SLICE_START. This is different from the H.261 convention for numbering these 
groups. 

Between the SLICE_START (which indicates the start of each group of blocks) 
and the first macroblock there may be other Tokens. These can be ignored as they are 
not required to display the picture data. 
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A.19.2.2.3 Macroblock layer 

The sequence of macroblocks within each group of blocks is defined by H.261. 
There is no special Token information describing the position of each macroblock. The 
user should count through the macroblock sequence to determine where to display each 
piece of information. 

Figure 96 shows the sequence in which macroblocks are placed in each group of 

blocks. 

Each macroblock contains 6 DATA Tokens. The sequence of DATA Tokens in 
each group of 6 is defined by the H.261 macroblock structure. Each DATA Token 
should contain exactly 64 data bytes for an 8x8 area of pixels of a single color 
component. The color component is carried in a 2 bit number in the DATA Token (see 
section A.3.5.1). However, the sequence of the color components in H.261 is defined. 

Each group of DATA Tokens is preceded by a number of Tokens communicating 
information about motion vectors, quantizer scale factors and so forth. These Tokens 
are not required to allow the pictures to be displayed and, thus, can be ignored. 

Each DATA Token contains 64 data bytes for an 8x8 of a single color 
component. These are in a raster order 

A.19.3 MPEG output 

MPEG has more layers in its syntax. These embody concepts such as a video 
sequence and the group of pictures. 

A.1 9.3.1 MPEG Sequence layer 

A sequence can have multiple entry points (sequence starts) but should have 
only a single exit point (sequence end). When an MPEG sequence header code is 
decoded, the Spatial Decoder generates a CODING_STANDARD Token followed by a 
SEQUENCE_START Token. 

After the SEQUENCE_START, there will be a number of 
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Tokens of sequence header information that describe the video format and the like. 
See the draft MPEG standard for the information that Is signalled in the sequence 
header and Table A.3.2 for information about how this data is converted Into Tokens. 
This information describing the video format is also available in registers in the Huffman 
decoder. 

This sequence header Information may occur several times within an MPEG 
sequence, if that sequence has several entry points. 

A.1 9.3.2 Group of pictures layer 

An MPEG group of pictures provides a different type of "entry" point to that 
provided at a sequence start. The sequence header provides information about the 
picture/video format. Accordingly, if the decoder has no knowledge of the video format 
used in a sequence, It must start at a sequence start. However, once the video format 
Is configured into the decoder, it should be possible to start decoding at any group of 
pictures. 

MPEG doesn't limit the number of pictures in a group. However, in many 
applications a group will correspond to about 0.5 seconds, as this provides a reasonable 
granularity of random access. 

The start of a group of pictures is indicated by a GROUP_START Token. The 
header information provided after GROUP_START includes two useful Tokens: 
TIME^CODE and BROKEN_CLOSED. 

TIME_CODE carries a subset of the SMPTE time code information. This may be 
useful In synchronizing the video decoder to other signals. BROKEN_CLOSED carries 
the MPEG closed_gap and brokenjink bits. See Section A. 19.3.8 for more on the 
implications of random access and decoding edited video sequences. 
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A.19.3.3 Picture layer 

The start of a new picture is indicated by the PICTURE_START Token. After 
this Token, there will be TEMPORAL_REFERENCE and PICTURE.TYPE Tokens. The 
temporary reference information may be useful if the Temporal Decoder is not 
configured to provide picture re-ordering. The picture type information may be useful if 
a display system wants to specially process B pictures at the start of an open GOP (see 
Section A.19.3.8). 

Each picture is composed of a number of slices. 

A.19.3.4 Slice layer 

Section A.19.2.2.2 discusses the group of blocks used in H.261. The slice in 
MPEG serves a similar function. However, the slice structure is not fixed by the 
standard. The 8 bit value carried by the SLICE_START Token is one less than the 
"slice vertical position" communicated by MPEG. See the draft MPEG standard for a 
description of the slice layer. 

By the time SLICE_START reaches the output of the Temporal Decoder, this 
information is effectively redundant since the Spatial Decoder and Temporal Decoder 
have already used the information to ensure that each picture contains the correct 
number of blocks in the correct positions. Hence, it should be possible to compute 
where to position a block of data output by the Temporal Decoder just by counting the 
number of blocks that have been output since the start of the picture. 

See section A. 19.3.7 for discussion of the effects of using MPEG picture re- 
ordering. 

A.1 9.3.5 Macroblock layer 

Each macroblock contains 6 blocks. These appear at the output of the Temporal 
Decoder in raster order (as specified by the draft MPEG specification). 
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A. 19. 3.6 Block layer 

Each macroblock contains 6 DATA Tokens. The sequence of DATA Tokens in 
each group of 6 is defined by the draft MPEG specification (this is the same as the 
H.261 macroblock structure). Each DATA token should contain exactly 64 data bytes 
for an 8 X 8 area of pixels of a single color component. The color component is carried 
in a 2 bit number in the DATA Token (see A.3.5.1). However, the sequence of the color 
components in MPEG is defined. 

Each group of DATA Tokens is preceded by a number of Tokens communicating 
information about motion vectors, quantizer scale factors, and so forth. These Tokens 
are not required to allow the pictures to be displayed and, therefore, they can be 
ignored. 

A.1 9.3.7 Effect of MPEG picture re-ordering 

As described in A. 18.3,5, the Temporal Decoder can be configured to provide 
MPEG picture re-ordering (MPEG_reordering=1). The output of P and I pictures Is 
delayed until the next P/l picture in the data stream starts to be decoded by the 
Temporal Decoder. At the output of the Temporal Decoder the DATA Tokens of the 
newly decoded P/l picture are replaced with DATA Tokens from the older P/l picture. 

When re_ordering P/l pictures. the PICTURE_START, 
TEMPORAL_REFERENCE and PICTURE_TYPE Tokens of the picture are stored 
temporarily on-chip as the picture is written into the off-chip picture buffers. When the 
picture is read out for display, these stored Tokens are retrieved. Accordingly, re- 
ordered P/l pictures have the correct values for PICTURE_START, 
TEMPORAL_REFERENCE and PICTURE_TYPE. 

All other tokens below the picture layer are not re-ordered. As the re-ordered P/l 
picture is read-out for 
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display it picks up the lower level non-DATA tokens of the picture that has just been 
decoded. Hence, these sub-picture layer Tokens should be ignored. 

A. 19.3.8 Random access and edited sequences 

The Spatial Decoder provides facilities to help correct video decoding of edited 
MPEG video data and after a random access into MPEG video data. 

A, 19.3.8.1 OpenGOPs 

A group of pictures (GOP) can start with B pictures that are predicted from a P 
picture in a previous GOP. This is called an "open GOP". Figure 107 illustrates this. 
Pictures 17 and 18 are B pictures at the start of the second GOP. If the GOP is "open", 
then the encoder may have encoded these two pictures using predictions from the P 
picture 16 and also the I picture 19. Alternatively, the encoder could have restricted 
itself to using predictions from only the I picture 19. In this case, the second GOP is a 
"closed GOP". 

If a decoder starts decoding the video at the first GOP, it will have no problems 
when it encounters the second GOP even if that GOP is open since it will have already 
decoded the P picture 16. However, if the decoder makes a random access and starts 
decoding at the second GOP it cannot decode B17 and B18 if they depend on P16 (i.e.. 
if the GOP is open). 

If the Spatial Decoder of the present invention encounters an open GOP as the 
first GOP following a reset or it receives a FLUSH Token, it will assume that a random 
access to an open GOP has occurred. In this case, the Huffman decoder will consume 
the data for the B pictures in the normal way. However, it wilt output B pictures 
predicted with (0,0) motion vectors off the I picture. The result will be that pictures B17 
and BIS (in the example above) will be identical to 119. 
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This behavior ensures correct maintenance of the MPEG VBV rules. Also, it 
ensures that B pictures exist in the output at positions within the output stream expected 
by the other data channels. For example, the MPEG system layer provides presentation 
time information relating audio data to video data. The video presentation time stamps 
refer to the first displayed picture in a GOP, i.e., the picture with temporal reference 0. 
In the example above, the first displayed picture after a random access to the second 
GOP is 817. 

The BROKEN_CLOSED Token carries the MPEG closed_gop bit. Hence, at the 
output of the Temporal Decoder it is possible to determine if the B pictures output are 
genuine or "substitutes" have been introduced by the Spatial Decoder. Some 
applications may wish to take special measures when these "substitute" pictures are 
present. 

A.1 9,3.8,2 Edited video 

If an application edits an MPEG video sequence, it may break the relationship 
between two GOPs. If the GOP after the edit is an open GOP it will no longer be 
possible to correctly decode the B pictures at the beginning of the GOP. The 
application editing the MPEG data can set the brokenjink bit in the GOP after the edit 
to indicate to the decoder that it will not be able to decode these B pictures. 

If the Spatial Decoder encounters a GOP with a broken link, the Huffman 
decoder will decode the data for the B pictures in the normal way. However, it will 
output B pictures predicted with (0,0) motion vectors off the I picture. The result will be 
that pictures B17 and B18 (in the example above) will be identical to 119. 

The BROKEN_CLOSED Token carries the MPEG brokenjink bit. Hence, at the 
output of the Temporal Decoder it is possible to determine if the B pictures output are 
genuine 
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or "substitutes" that have been introduced by the Spatial Decoder. 
Some applications may wish to take special measures when 
these "substitute" pictures are present. 
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SECTION A.20 Late Write DRAM Interface 

The interface is configurable in two ways: 

The detail tinning of the interface can be configured to accommodate a variety of 
5 different DRAM types 

The "width" of the DRAM interface can be configured to provide a 
cost/performance trade-off 



Signal Name 


Input/ 
Output 


Description 


DRAM_data[31:0] 


I/O 


The 32 bit wide DRAM data bus. Optionally this bus can be configured to 
be 16 or 8 bits wide. 


DRAM_addr[10:0} 


O 


The 22 bit wide DRAM interface address Is time multiplexed over this 1 1 
bit wide bus. 


RAS 


o 


The DRAM Row Address Strobe signal 


CAS[3:0] 


o 


The DRAM Column Address Strobe signal. One signal is provided per 

byte of the interface's data bus. All the CAS signals are driven 
simultaneously. 


WE 


o 


The DRAM Write Enable signal 


OE 


o 


The DRAM Output Enable signal 


DRAM_enable 


1 


This input signal, when low, makes all the output signals on the interface 
go high impedance and stops activity on the DRAM interface 



Table A.20.1 DRAM interface signals 



Register name 






Description 


size/ 
dir. 


Reset 
State 






Modify_DRAM_timing 


1 bit 
rw 


0 


This function enable register allows access to the DRAM interface 
timing configuration registers. The configuration registers should not 
be modified while this register holds the values zero. Writing a one to 
this register requests access to modify the configuration registers. 
After a zero has been written to this register the DRAM interface will 
start to use the new values in the timing configuration registers. 
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page_start_length 


5 bit 
rw 


0.00 


specifies the length of the access start in ticks. The minimum value 
that can be used is 4 (meaning 4 ticks). 0 selects the maximum length 
of 32 ticks. 


read_cycle_length 


4 bit 
rw 


0.00 


Specifies the length of the fast page read cycle in ticks. The minimum 
value that can be used is 4 (meaning 4 ticks). 0 selects the maximum 
length of 16 ticks. 


write_cycle_length 


4 bit 
rw 


0.00 


Specifies the length of the fast page late write cycle in ticks. The 
minimum value that can be used is 4 (meaning 4 ticks). 0 selects the 
maximum length of 16 ticks. 


refresh_cyclejength 


4 bit 
rw 


0.00 


Specifies the length of the refresh cycle in ticks. The minimum value 
that can be used is 4 (meaning 4 ticks). 0 selects the maximum length 
of 16 ticks. 


RASJalling 


4 bit 
rw 


0.00 


Specifies the number of ticks after the start of the access start that 
falls. The minimum value that can be used is 4 (meaning 4 ticks). 0 
selects the maximum length of 16 ticks. 


CAS.falling 


4 bit 
rw 


8 


Specifies the number of ticks after the start of a read cycle, write cycle 

or access start that CAS falls. The minimum value that can be used 
is 1 (meaning 1 tick). 0 selects the maximum length of 16 ticks. 


DRAM_data_width 


2 bit 
rw 


0.00 


Specifies the number of bits used on the DRAM interface data bus 
DRAM_data[31:0]. See A.20.4 . 


row_address_bits 


2 bit 
rw 


0.00 


Specifies the number of bits used for the row address portion of the 
DRAM interface address bus. See A.20.5 . 


DRAM_enable 


1 bit 
rw 


1 


Writing the value 0 in to this register forces the DRAM interface into a 
high impedance state. 0 will be read from this register if either the 
DRAM_enable signal is low or 0 has been written to the register. 



Table A.20.2 DRAM Interface configuration registers (contid) 
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Register name 


size/ 
dir. 


Reset 
State 


Description 


refresh_interval 








no_refresh 


8 bit 
rw 


0.00 


This value specifies the interval between refresh cycles in periods of 

1R cif^mci^r rinrk c\/rlp^ V/aluefi in the ranop 1 r^an Kp 

1 \J U w wUU wf wlUw*\ wV wl WW . vatww^ III illw IGlllUw ^^dl 1 Uw 

configured. The value 0 is automatically loaded after reset and forces 
the DRAM interface to continuously execute refresh cycles until a valid 
refresh interval is configured. It is recommended that refreshjnterval 
should be configured only once after each reset. 


CAS_strength 


1 bit 
rw 


0.00 


Writing the value 1 to this register prevents execution of any refresh 
cycles 


RAS_strength 
addr_strength 
DRAM_data_strength 
OEWE_strength 


3 bit 
rw 


6 


These three bit registers configure the output drive strength of DRAM 
interface signals. This allows the interface to be configured for various 
different loads. 

See A.20.8 . 



Table A.20.2 DRAM Interface configuration 
registers (contd) 
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A.20.r- interface timing (ticics) 

In the present invention, the DRAM interface timing is 
derived from a clock which is running at four times the 
input clock rate of the device (decoder_clock) . This clock 
is generated by an on-chip PLL. 

For brevity, periods of this high speed clock are 
referred to as ticJ^cs. 
A* 2 0.2 Interface operation 
3 '^^^ interface uses of the DRAM fast page mode. Three 

J^* ^0 different types of access are supported: 

.1 • Read 

ni • Write 

• Refresh 

m 

B ^^^^ ^^^^ write access transfers a burst of between l 

tl; bytes at a single DRAM page address. Read and write 

y transfers are not mixed within a single access. Each 

01 successive access is treated as a random access to a new 

p DRAM page. 
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A. 20. 3 Access structure 

Each access is composed of two parts: 

• Access start 

• Data transfer 

Each access starts with an access start and is followed 
by one or more data transfer cycles. There is a read, 
25 write and refresh variant of both the access start and the 
data transfer cycle. 

At the end of the last data transfer in an access the 
interface enters it's default state and remains in this 
state until a new access is ready to start. If a new 
access is ready to start when the last access finishes, 
then the new access will start immediately. 
A. 20. 3.1 Access start 

The access start provides the page address for the read 
or write transfers and establishes some initial signal 
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conditions. There are three different access starts: 

• Start of read 

• Start of write 

• Start of refresh 

In each case the timing of RAS and the row address is 
controlled by the registers RAS_falling and 
page_start_length. The state of OE and DRAM_data [ 3 1 : 0 ] is 
held from the end of the previous data transfer until RAS 
falls- The three different access start types are only 
different in how they drive OE and DRAM^data [ 3 1 : 0 ] when RAS 
falls. See Figure 109, 



Num. 


Characteristic 


Min, 




Unit No'.es 




RAS cecna/ge penoo set by register RAS.failing 








3' i 


Access Stan duration set by register page.sun.lengtn 


4 




: 


1 CAS crecnarge lengin set by register CAS.faillng. 


1 


IS 






rast oage read cycte lengtn set by tne register 
read_cycie_»ength. 


4 


15 


1 


42 


rast page wnte cycle lengtn set by tne register 
write.cyciejengtft. 


4 


15 


• 


43 


faJis one ock after Za^. 








4-1 


P.efresn cycle *engtn set by tne register retresn. cycle. 




1 


■ 



Table A. 20. 3 Access start parameters 

a. This value must be less than RAS_f ailing to ensure 
CAS before RAS refresh occurs. 
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A.20.:^2^ Data transfer 

There are three different types of data transfer cycle: 
Fast page read cycle 

• Fast page late write cycle 

* Refresh cycle 

A start of refresh is only followed by a single refresh 
cycle. A start of read (or write) can be followed by one 
or more fast page read (or write) cycles. 

At the start of the read cycle tics' is driven high and 
the new column address is driven. 

A late write cycle is used. WE is driven low one tick 
after OTST The output data is driven one tick after the 
address . 

As a CAS before RJCB" refresh cycle is initiated by the 
start of refresh cycle, there is no interface signal 
activity during a refresh cycle. The purpose of the 
refresh cycle is to meet the minimum 1^ low period 
required by the DRAM. 
A. 20. 3. 3 Interface default state 

The interface signals enter a default state at the end 
of an access : 
* ■ RAS, CKS ana 1?T high 

•data and OE remain in their previous state 

• addr remains stable 
A, 2 0. 4 Data bus width 

The two bit register DRAM_^data_width allows the width of 
the DRAM interfaces data path to be configured. This 
allows the DRAM cost to be minimized when working with 
small picture formats. 
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ORAM,data_width 

I I ^ ^'^ <3aia ous on 0RAM_dau(3i:24j*. 

j^J ^de data 5us on 0RAM,data(3l:i6p*l 

32 Sit wia« daia Ous on ORAM,data(3l:0J. 

Table A. 2 0. -4 Configuring DRAM_data_width 

a. Default after reset. 

b. Unused signals are held high impedance. 
A. 20. 5 Address bits 

On-chip, a 24 bit address is generated. How this 
address is used to form the row and column addresses 
depends on the width of the data bus and the number of bits 
selected for the row address. Some configurations do not 
permit all the internal address bits to be used (and) 
therefore, produce "hidden bits) . 

The row address is extracted from the middle portion of 
the address. This maximizes the rate at which the DRAM is 
naturally refreshed . 

A.20,5,1 Low order column address bits 

The least significant 4 to 6 bits of the column address 
are used to provide addresses for fast page mode transfers 
of up to 64 bytes. The number of address bits required to 
control these transfers will depend on the width of the 
data bus (see A. 20. 4). 



I 
i 



A. 20.^2* Row address bits 

int:ernal address to provide the row address is 
configured bv "utess is 

gurea by the register row_address bits. 




Table A. 20. 5 configuring row_addres9_bits 

The width of row address useri --iii ^ 
noAM ^ aaress used will depend on the type of 

ORAM use. „„e«er t.e MSB. ot the row address are 

decoded off-oMp to access multiple banlcs of DRAM 

tneTnt' extracted fro. the middle of 

the internal address. If so»e Pits of the ro. address are 
decoded to select banKs of ORAM, theh all possible va ues 
Of these "ban. select Pits" „ust select a ban. of DRAM. 
Otherwise, holes will be left ip the address space 
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m 



m 



10 





j row address sia 


5anK select 


C-.AM ceotn ; 


1 0 


j CRA.M.addr(a:Cl 




j 


255'K ; 


I 


ORA,M_addr(a:0| | 


0RAW.adcr(9J 


1 


256k i 




OP.AM_addr(9:0| j 




i 


Sl2k i 


j OftAM.addf(g;0| j 




I 


t02-H( ' 


^ I 03AM.addffS;OI | 


ORAM_addr(lO;9J 


( 


25oi< 


1 0P.AM.aCdr{9:CI 1 


ORAM_addr{iC) 


! Sf2k ! 


J CFU\1.acdr(9;CI j 


CRAM.addffiO] 


i 

1 


1C2^< 


I OPAM,addr{:0:CI ! 




j 


20-i3k 


1 O.^AW_addr(tO:0| | 







Table A.20.6 Selecting . value for row_address_bits 

A. 2 0.6 DRAM Interface enable 

There are two ways to mako aii 
DR.^ in^o.^ " "^^e all the output signals on the 

DR.^ interface become high impedance. The DRAM enable 
register and the DRAM_enable signal. Both the Register and 
the signal must be at a logic l for the DRAM interface to 
operate. if either is low th«.n i-k^ ■ ^ ^ 
. . ^ . ' interface is taken to 

hxgh^xmpedance and data transfers through the interface are 

The ability to take the DRAM interface to high impedance 
is provided in order to allow other devices to test or to 

use the DRAM controlled by the SoatiAi ^ , ^ 

J i-ne spatial Decoder (or the 

Te.-nporal Decoder) when the Snatiai ^^ 

tne ipatial Decoder (or the Temporal 
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Decode). is not use. It xs not intended to allow other 
devices to share the memory during normal operation 
A. 20,7 Refresh 

L'nless disabled by writing to the register, no refresh 
the DP^ interface will automatically refresh the DRAH ' 
using a CaS" before TtSS" refresh cycle at an interval 
determined by the register ref resh_interval . 

The value in ref resh_intervai specifies the interval 
between refresh cycles in periods of 16 decoder_clock 
cycles. values in the range l to 255 can be configured 
The value 0 is automatically loaded after reset and forces 
the DRAM interface to continuously execute refresh cycles 
(once enabled) until a valid refresh interval is 

configured. it is recommended that ref resh_interva 1 should 

be configured only once after each reset. 

A. 2 0. a Signal strengths 

The drive strength of the outputs of the DRAM interface 

can be configured by the user using the 3 bit registers 

CAS_strength, RAS_strength , addr_strength , 

DRAM_data_strength, OEWE_strength . The MSB of this 3 bit 
value selects either a fast or slow edge rate. The two 
less significant bits configure the output for different 
load capacitances . 

The default strength after reset is 6, configuring the 
outputs to take approximately lo ns to drive signal between 
GND and V^o if loaded with 12,F. 
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strengcn value 



Onv« cnaraciensica 



Aoorox. 4 nsV into 6 o' load 



Aoprox. 4 nvV inio 12 ol 'oad 



Aopfox. 4 pis/V into 24 0' load 



I Aocrox. 4 nvV into 46 o/ ioaia 



AoofOi. 2 nvV into 6 load 



Aoocox. 2 nvV into 12 p( load 




Table A. 20. 7 Output strength configurations 

a. Default after reset 

When an output is configured approximately for the load 
It is driving, it will meet the AC electrical 
characteristics specified in Tables A.20.11 to Table 
A. 20. 12. When appropriately configured each output is 
approximately matched to it's load and, therefore, minimal 
overshoot will occur after a signal transition. 
A. 2 0.9 After reset 

After reset, the DRAM interface . configuration registers 
are all reset to their default values. Most significant of 
these default configurations are: 

•The DRAM interface is disabled and allowed to go high 
impedance . 

•The refresh interval is configured to the special 
.value 0 which means execute refresh cycle continuously 

after the interface is re-enabled. 

The DRAM interface is set to it's slowest 
conf igurat ion . 

Most DRAMS require a "pause" of between 100ms and 500:.s 
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refresh cycles before normal operation is possible 

lmn,ediately after reset, the DRAM interface is inacti 
unt.l both the DRA«_enable sxgnal and the ORAM enable 
register are set. when these have been set, t^e DRAM 
interface will execute refresh cycles (approximately ever 
400 ns, depending upon the clock frequency used) until th 
DRAM interface is configured. 

The user is responsible for ensuring that the DRAM's 
"pause" after power_up and for allowing sufficient time 
after enabling the DRAM interface to ensure that the 
required number of refresh cycles have occurred before dat 
transfers are attempted. 

While reset is asserted, the DRAM interface is unable tc 
refresh the DRAM. However, the reset time required by the 
decoder chips is sufficiently short so that is should be 
possible to reset them and to then re-enable the DRAM 
interface before the DRAM contents decay. This may be 
required during debugging. 
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j Symbol 


Pa/ameter 


j Min. 


Max. 


j Unci 




Suooiy vo«tag« reuitv« (o GNO 


4.75 




1 ^ 


GNO 


Ground 


0 


|o 


1 ^ 




iDQut logic '1* voltage 


2.0 


Vqo - 0-5 






Input togtc 0' voltage 


GNO - O.S 


0.8 


1 




Ooeraong temoeratura 


0 


70 


l-c- 1 



Table A. 20. 9 DC Operating conditions 

With TBA linear ft/min transverse airflow 



Parameter 
OuttJLft logic V voiiage 
Outoui logic *r voiuge 
Outout current 




'DO 



_Ootout Off uare leaKage current 
I current 
' Juooly current 



2,6 
; 100 



120 
; 10 



RMS I 



Input caoaciunce 



500 



Parameter 

OutDuT / lO caoacnance 



Min. 



Max. 



Units 



Table A.20.10 DC Electrical characteristics (contd) 

Table A,20.io DC Electrical characteristics 

AC parameters are specified using V,^,=o. 8V as 
the measurement level. 

This is the steady state drive capability of the 
interface. Transient currents may be much 
greater , 



383 



A,20.fn,i AC characteristics 



^1 




Table A. 20. 11 Differences from nominal values for a strobe 

a. The driver strength of the signal must be 
configured appropriately for its load 



Num. 


P«ram«(ef 


Min. 1 Max. j 'jr.it i Noie * 


50 


Strooe (0 sirobe delay e.g. iflCO. iCSR 


■3 1 .3 J ns 1 


i 


Low hold lime e.g. tRSH. tCSM. iflWL 
ICWU IHAC, tOAC/OE. tCHH 


•13 j .3 j ns 

1 i 


I 

i 

i 

i 


52 


Slrooe to strobe orecftarge e.g. iCRP. 
IRCS. IRCH. IflRH. tflPC 


-9 


^3 i ns 
1 

1 


t 


CA5 precnarge pulse between any two 
CAS signals on wide ORAMs e.g. rC?, or 
between HAS nsing and ZaS UHing e.g. 
tRPC 




-2 


i ns 

I 
1 


! 

• 

1 



Table A.20.12 Differences from nominal values between two strobes 

Table A. 2 0,12 Differences from nominal 
values between two strobes 
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Num. 

77 



Parameter 
Precftarge oefor« oisaoie e.g. iHHCP/ 
CPPH 



Min. 



•12 



Max. [ Unit j Note • 



♦3 



Table A. 20, 12 Differences from nominal 
values between two strobes (contd) 

e driver strength of the two signals must 
nfigured appropriately for their loads 



385 

SECTION B.l Start Code Detector 
B.l.l Ov«rvl«v 

As previously shown in Figure 11, the Start Code Detector 
(SCD) is the first block on the Spatial Decoder. its 
5 primary purpose is to detect MPEG, JPEG and H.261 start 
cedes in the input data stream and to replace them with 
relevant Tokens, It also allows user access to the input 
data stream via the microprocessor interface, and performs 
preliminary formatting and "tidying up" of the token data 
stream. Recall, the SCD can receive either raw byte data 
or data already assembled in Token format. 

Typically, start codes are 24, 16 and 8 bits wide for 
MPEG, H.261, and JPEG, respectively. The Start Code 
Detector takes the incoming data in bytes, either from the 
Microprocessor Interface (upi) or a token/byte port and 
shifts it through three shift registers. The first 
register is an 8 bit parallel in serial out, the second 
register is of programmable length (16 or 24 bits) and is 
where the start codes are detected, and the third register 
is 15 bits wide and is used to reformat the data into 15 
bit tokens. There are also two "tag" Shift Registers (SR) 
running parallel with the second and third SRs. These 
contain tags to indicate whether or not the associated bit 
in the data SR is good. Incoming bytes that are not part 
of a * DATA Token and are unrecognized by the SCD, are 
allowed to bypass the shift registers and are output when 
all three shift registers are flushed (empty) and the 
contents output successfully. Recognized non-data tokens 
are used to configure the SCD, spring traps, or set flags. 
They also bypass the shift registers and are output 
unchanged. 
B.1.2 Major Blocks 

The hardware for the Start Code Detector consists of lo 
state machines. 

B. 1.2.1 Input Circuit (scdipc.sch.iplm.M) 

The input circuit has three modes of operation: token, 
byte and microprocessor interface. These modes allow data 



386 



Via t«e I„ an"' ' " ^ " 

output the cor " . ''""'^ ""^s 

CO wait until a safe point in the data stream 
before gaining access. The Bvt^ ™«h stream 
whether tho • ^ ^"^^ P^" determines 

r:..:;™^.;-..'— ;:„;' r. 

This •';"•"''•"<'« '•=-«iP =», .cdip„.,.H, 

This block decodes t-ho i^^^ ■ 

incoming tokens and issues 
commands to the other blocks. issues 
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Table B.i.i, Recognized input tokens 



Incui Token 



NULL 



DATA 



CODING.STD 



issued 



Ccmments 



WAIT 



NORMAL 



FLUSH 



BYPASS 



NULLS are removed 



Load next byre into firs; SR 



riusn snift re^isiers. serfcr.-n racrir.g. zlizu 
and switc.*i :o aypass moce.Lcaa 
CCDiNG.STANOAflO regis;of. 



BYPASS 



ELSE 

(unreccgrised token) 



BYPASS 



Flusn Sfls 'witn padding. cl:;l: ana s-*uc- 
byoa&s node. 



Plgsft Sa^ with padding, outcur and swirc.i :3 
bypass mode. 



Note: A change in coding standard is passed to all 
b ocks Via the two-wire interface after the SRs are 
flushed. This ensures that the change fron, one data stream 
to another happens at the correct point throughout the SCO. 
Th.s principle is applied throughout the presentation so 
that a Change in the coding standard can flow through the 
^hole chip prior to the new stream. 
B.l.2.3 JPEG (scdjpeg.sch acdjpega.M) 

that'jPHcT '""''"^ ^" sufficiently different 

that JPEG has a state machine all to itself. m the 
present invention, this bloc, handles all the JPZC mar.er 
detection, length counting/checking, and removal of data 
Detected JPEG markers are flagged as start codes (with 
v_not_t - see later text) and the command from scdipnew is 

overridden and. forced to bvoass tho „ 

°yp^ss. The operation is best 

described in code, 
switch (stale) 



{ 



case CLOOKLNG): 
if (input s= OxfT) 
{ 



sute = GETVALL'E; /-Found a marker*/ 
remove; /"Marker gets removed*/ 



Stat* = LOOKING; 
break; ^ ^ 

case (CETVALUE); 
f (input = OxfT) 

{ 

State = CETVALUE; /.0.„,3ppi„g„3rker,./ 
remove; 

) 

else if (input =0x00) 
( 

^tate = LO0KING;/-W«„-t a marker-/ 
insen(Oxnr);/»Put the Ox/Tback-/ 

} 

else 

{ 

command = BYPASS; /-override command-/ 

ifOO/- Does the marker have a length count-/ 
state = GETLCO; 

else 

state = LOOKING; 

break; 

case (GETLCO): 
loadIcO; /-Load the top length count byte-/ 
state = GETLC1; 
remove; 
break; 

case(CETLCl) 
loadicl; 
remove; 

state = DECLC; 
br«ak; 

"sefDECLC): 
'cnt = lcnt-2 



- ^tatc = CHECKLC; 
break; 

case (CHECKLC): 
if (lent = 0) 

state = LOOKINC;/*;\o mort to doV 
else if (lent <0) 

state = L00KLNG;/-gener3te IIIeo3LL.ngth.ErrorV 
else 

siattf = COUNT; 
break; 

case (COUNT): 

decrement length count until 1 
ifdc <=1) 

stater: LOOKING; 
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B. 1 . 2 . 4 



input Shifter (scinshf t. sch, scinsha.M) 

The-ba^ic operation of this block is qi:ite simple. This 
block takes a byte of data from the input circuit, loads 
the shift register and shifts it out. However, it also 
obeys the commands from the input decoder and handles the 
_ transitions to and from bypass mode (flushing the other 
SRs): On receiving a BYPASS com«>and, the associated byte 
IS not loaded into the shift register. Instead "rubbish" 
(tag - 1) is shifted out to force any data held in the 
other shift registers to the output. The block then waits 
for a "flushed" signal indicating that this "rubbish" has 
appeared at the token reconstructor . The input byte is 
then passed directly to the token reconstructor. 
B.1.2.S Start code Detector (scdetect. sch, scdetm.M) 

This block includes two shift registers which are 
programmable to 16 or 24 bits, start code detection logic 
and "valid contents" detection logic. MPEG start codes 
require the full 24 bits, whereas H.261 requires only 16 

In the present invention, the first SR is for data and 
the second carries tags which indicate whether the bits in 
the data SR are valid - there are no gaps or stalls (in the 
two-wire interface sense) in the SRs, but the bits they 
contain can be invalid (rubbish) whilst they are being 
flushed. on detection of a start code, the tag shift 
register bits are set in order to invalidate the contents 
of the detector SR. 

A start code cannot be detected unless the SR contents 
are all valid. Non byte-aligned start codes are detected 
and may be flagged. Moreover, when a start code is 
detected, it cannot be definitely flagged until an 
overlapping start code has been checked for. To accomplish 
this function, the "value" of the detected start code (the 
byte following.it) is shifted right through scinshift, 
scdetect and into scoshift. Having arrived at scoshift 
Without the detection of another start code it ^s 
overlapping start codes have been eliminated and it is 
flagged as a valid start code. 



B.1.2.6_ output Shifter (scoshift.sch, scoshm.M) 

The basic operation of the output shifter is to take 
serial data (and tags) fron, scdetect, pack it into 15 bi- 
words and output them. other functions are: 
B. 1.2. 6.1 Data padd-inq 

The output consists of 15 bit words, but the input may 
consist Of an arbitrary number of bits. m order to flush 
therefore, we need to add bits to make the last word up to 
15 bits. These extra bits are called padding and must be 
recognized and removed by the Huffman block. Padding is 
defined to be: 

After the last data bit, a "zero" is inserted followed by 
sufficient "ones" to make up a 15 bit word. 

The data word containing the padding is output with a low 
extension bit to indicate that it is the end of a data 

token . 

B . 1 . 2 . 6 . 2 Genera tion of "flushed" 

In accordance with the present invention, the generation 
of "flushed" operation involves detecting when all SRs are 
flushed and signalling this to the input shifter. When the 
"rubbish" inserted by the input shifter reaches the end of 
the output Shifter, and the output shifter has completed 
Its padding, a "flushed" signal is generated. This 
"flushed" signal must pass through the token reconstructor 
before it is safe for the input shifter to enter bypass 
mode . 

B. 1.2. 6. 3 Flaaaina valid «itar1: eQd>« 

If scdetect indicates that it has found a start code 
padding is performed and the current data is output. The 
start code value (the next byte) is shifted through the 
detector co eliminate overlapping start codes. if the 
"value- arrives at the output shifter without another start 
code being detected, it was not overlapped and the value is 
passed out with a flag v_not_t { ValueNotToken) to indicate 
that it is a start code value. If, however, another start 
code IS detected (by scdetect) whilst the output shifter is 
waiting for the value, an overlapping_start_error is 



also le overrp/e:"!^^ ^^^^"^ ^^^^ can 

B.X 2 6 4 "°"-°verlapped start code is found. 

arriving. ' '^^^^ -^^^^^^ -arts 

B.i.2.7 Data stream reconstructor (sctoJcrec. sch, 
sctoJcrem.M) 

inputs. one from soinshift for bypassed tokens »„H 
^ro™ scosnift for packea data and start =od« sw tcj" 

token (from either source* h«« k« u^rent 
extension bit arrived, . =on,pleted (low 

B.l.2.8 Start value to start number conversion 
(scdromhw.sch, schrom.M) 
T.e process of converting start values into tokens is 

codes down to codin, standard independent indices 

AS mentioned earlier, start values (including JPE= ones, 
are distinguished from all other data by a flal 
(value not token) if v r,,,^. * • w »y a flag 

the 4 "or 8 bi! ■ 1 - - ^^^^'^ converts 

into a 4 bit ; '^'^"''"^ °" COOXKC_STA.DAKD, 

standard . which is independent of the 

standard, and flags any unrecognized start codes 
The start numbers are as follows: 



^ Table B.1.2 Start Code numbers (indices) 



StaryMarxer Cooe 




inaex (srar.numoer) 




not_a_staa_code 


0 







. sequence_start_code 
group_start_code 
picture.start.code 



S=Ci;£NC = _5TAn: 

I group.stapt 



slice_starT_code 



SLICc.START 



user_data_start_code 
extension_start_code 



USc.R 0A7A 



lXT=NS:CN_0A7A 



sequence_end,code 

JP£G MarKers 



SsOUENCH.SNO 





UC1 1 


8 


j OHT 


DOT 


9 


1 DOT 


ONL 


10 


j ONL 


UHi r, 1 1 


J marners r.a( can o« maooed omo tokens for MP £G/'h -25 1 j 




picture_starr_code 


?lCTUP.r.STA = - 1 


SOI 


sequence_start_code 


S=CU£NC£_3"i-- 


Table B.1.2 


Start Code numbers Ondlces) 




StajVMartcer Cod« 


Indei (stan.numoer) 


fle5u*ting Token 


EOl 


sequence_end_code 


SEQUENCE.cNO 


SOFO 


group_start_code 


GflOUP.START 


JPEG martcers that generate e«n or user data 


JPG 


extension_start_code 


EXTENS(ON_OATA 


JPGn 


extension_start_code 


£XTENSION_OATA 


APPn 


user_data_start_code 


USER.OATA 


COM 


use r_data_sta rt_cod e 


USER.OATa 


NOTE: AH unrecognised JPEG markers generate an e«tn.$tan_code «dex 




-2.9 Start number to token conversion (sconvert . sch. 



sconverm.M) 

The second stage of the conversion is where the above 
start numbers (or indices) are converted into tokens. This 
block also handles token extensions where appropriate, 
discarding of extension and user data, and search modes. 



Search^modes are a means of entering a data str, 



random point Th^a. i_ 

FOinn. The search mode can be set t 

values : 



o one of eight 



o: Normal operation - find next stare code. 

1/2: System level <=oa^.-w«« 

3- J....^ / searches not implemented on Spatial Decoder 

3. Search for Sequence or hioh*.. 



Sequence or higher 
ir 
ler 

Search for slice or higher 
Search for next start code 



Search for group or highei 
Search for picture or high€ 



Any non-zero search mode causes data to be discarded 
untxl the desired start code (or higher in the syntax) is 
detected . j j 

This block also adds the token extensions to PICTURE 
and SLICE start tokens: 

■ PICTURE_START is extended with PICTURE_NUMBER. a four 
bit count of pictures. 

■SLICE_START is extended with svp (slice vertical 
position). This is the "value" of the start code 
minus one (MPEG. H.261), and minus OXDO (JPEG) 

B.X.2.X0 Data Stream Formatting (scinsert . sch, scinserx.M, 
in the present invention. Data Stream Formatting relates 

to conditional insertion of PICTURE END, FLUSH 

CODING_STANDARD, SEQUENCE START rr.^r^ .~ ^^^^H, 

c^o„ ^vutNCE_START tokens, and generation of 

the ST0P_AFTER_PICTURE event. Its function is best 

simplified and described in software: 



switch (input.data) 
^ CFLUSK) 
1- ''■(In^picturc) 

output = PICTUR£,END 

2. output = FLUSH 

3. if (in j,iciure&stop.afUr,picture) 
sap.error HIGH 

in jicturc = FALSE; 

^- in.picture = FALSE; 

break 

case (SEQUENCE.START) 
L if (in jicturc) 

output = PICTUR£_END 
2. if (in jicture A stop.aftcr^picture) 
2a. output = FLUSH 
2b.sap_crror = HIGH 
in_picturc=: FALSE 

3- output = CODING.STANDARD 

4- output = sundard 

5. output = SEQUENCE.START 
^. in_picture = FALSE; 
break 

(SEQUENCE.END) cas* (GROUP.START): 
L if (in_picture) 

output ^PICTURE^END 
2- if (in jjicture & $top,after picture) . 
2a. outputs FLUSH 
2b.sap_error = HIGH 
in.picture = FALSE 

3. o«.p«t = SEQUENCE.END or CROUP.START 
^ in-picture = FaLSE; 

««« (PICTURE.END) 



l..«tpui_=P,CTUR£.ENO 

2a. output = FLUSH 

2b. sap_error = HIGH 
3. in_picturt = FALSE 
break 

case(PrCTUR£.START) 
1- if (in_picture) 

output = PICTUR£_E.VD 

2. if (i„_picu.„ & «op_«r,er.picture) 
2a. output = FLUSH 

2b. Jap_ern)r = HIGH 
3- if ('ns«rt_sequence_itan) 

3a. output = CODINC.STANDARD 
3b. output = jtand»rd 

3e output = SEQUENCE_START 
inse«.5e<,uena.,un = FALSE 
t. output = PICTUR£_START 

'".picture sTRUE 
break 

default: Just pass it through 



SECTION B.2 Huffman Decoder and Parser 

B • 2 • 1 Introduction 

This section describes the Huffman Decoder and Parser 
circuitry in accordance with the present invention. 

Figure 118 shows a high level block diagram of the 
Huffman Decoder and Parser. Many signals and buses are 
omitted from this diagram in the interests of clarity, in 
particular, there are several places where data is fed 
backwards (within the large loop that is shown) • 

In essence, the Huffman Decoder and Parser of the present 
invention consist of a number of dedicated processing 
blocks (shown along the bottom of the diagram) which are 
controlled by a programmable state machine. 

Data is received from the Coded Data Buffer by the 
"Inshift" block. At this point, there are essentially two 
types of information which will be encountered: Coded data 
which is carried by DATA Tokens and start codes which have 
already been replaced by their respective Tokens by the 
Start Code Detector. It is possible that other Tokens will, 
be encountered but all Tokens (other than the DATA Tokens) 
are treated in the same way. Tokens (start codes) are 
treated as a special case as the vast majority of the data 
will still be encoded (in H,261, JPEG or MPEG). 

In the present invention, all data which is carried by 
the DATA Tokens is transferred to the Huffman Decoder in a 
serial form (bit-by-bit) , This data, of course, includes 
many fields which are not Huffman coded, but are fixed 
length coded. Nevertheless, this data is still passed to 
the- Huffman Decoder serially. In the case of Huffman 
encoded data, the Huffman Decoder only performs the first 
stage of decoding in which the actual Huffman code is 
replaced by an index number. If there are N district 
Huffman codes in the particular code table which is being 
decoded, then this "Huffman Index" lies in the range 0 to 
N-l. Furthermore, the Huffman Decoder has a "no op", i.e., 
"no operation" mode, which allows it to pass along data or 
token information to a subsequent stage without any 



processing by the Huffman Decoder. 

The Index to Data Unit is a relatively simple block of 
circuitry which performs table look-up operations. it 
draws its name from the second stage of the Huffman 
decoding process in which the index number obtained in the 
Huffman Decoder is converted into the actual decoded data 
by a simple table look-up- The Index to Data Unit 
cooperates with the Huffman Decoder to act as a single 
logical unit* 

The AX.U is the next block and is provided to implement 
other transformations on the decoded data. While the Index 
to Data Unit is suitable for relatively arbitrary mappings, 
the ALU may be used where arithmetic is more appropriate. 
The ALU includes a register file which it can manipulate to 
implement various parts of the decoding algorithms. In 
particular, the registers which hold vector predictions and 
DC predictions are included in this block. The ALU- is 
based around a simple adder with operand selection logic. 
It also includes dedicated circuitry for sign-extension 
type operations. It is likely that a shift operation will 
be implemented, but this will be performed in a serial 
manner; there will be no barrel shifter. 

The Token Formatter, in accordance with the present 
invention, is the last block in the Video Parser and has 
the task of finally assembling decoded data into Tokens 
which can be passed onto the rest of the decoder. At this 
point, there are as many Tokens as will ever be used by the 
decoder for this particular picture. 

The Parser State Machine, which is 18 bits wide and has 
been adopted for use with a two-wire interface has the task 
of coordinating the operation of the other blocks. In 
essence, it is a very simple state machine and it produces 
a very wide "micro-code" control word which is passed to 
the other blocks. Figure 118 shows that the instruction 
word is passed from block-to-block by the side of the data. 
This is, indeed, the case and it is important to understand 
that transfers between the different blocks are controlled 
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by two-wire interfaces. 

In the- present invention, there is a two-wire interface 

between each of the blocks in the Video Parser. 

Furthermore, the Huffman Decoder works with both serial, 
data, the inshifter inputs data one bit at a time, and with 
control tokens. Accordingly, there are two modes of 
operation. If data is coming into the Huffman Decoder via 
a DATA Token, then it passes through the shifter one bit at 
a time. Again, there is a two-wire interface between the 
inshifter and the Huffman Decoder. Other tokens, however, 
are not shifted in one bit at a time (serial) but rather in 
the header of the token. If a DATA token is input, then 
the header containing the address information is deleted 
and the data following the address is shifted in one bit at 
a time. If it is not a DATA Token, then the entire token, 
header and all, is presented to the Huffman Decoder all at 



once 



In the present invention, it is important to understand 
that the two-wire interface for the Video Parser is unusual 
in that it has two valid lines. One line is valid serially 
and one line is valid tokenly. Furthermore, both lines may 
not be asserted at the same time. -One or the other may be 
asserted or if no valid data exists, then neither may be 
asserted although there are two valid lines, it should be 
recognized that there is only a single accept wire in the 
other direction. However, this is not a problem. The 
Huffman Decoder knows whether it wants serial data or token 
information depending on what needs to be done next based 
upon the current syntax. Hence, the valid and accept 
signals are set accordingly and an Accept is sent from the 
Huffman Decoder to the. inshifter. If the proper data or 
token is there, then the inshifter sends a valid signal. 

For example, a typical instruction might decode a Huffman 
code, transform it in the Index to Data Unit, modify that 
result in the ALU and then this result is formed into a 
Token word. A single microcode instruction word is 
produced which contains all of the information to do this. 



The command is passed directly to the Huffman Decoder which 

untxl .t has decoded a complete symbol. Control Tokens are 
-put xn parallel. Once this occurs, the decoded index 



value is passed along with the 



. . original microcode word to 

the index to Data Unit. Note that the Huffman Decoder will 
require several cycles to perform this operation and 
indeed, the number of cycles is actually determined by the 
data Which is decoded. The Index to Data Unit will then 
map this value using a table which is identified in the 
microcode instruction word. This value is again passed 
onto the next block, the ALU, along with the original 
microcode word. Once the ALU has completed the appropriate 
operation (the number of cycles may again be data 
dependant) it passes the appropriate data onto the Token 
Formatting block along with the microcode word which 
controls the way in which the Token word is formed. 

The ALU has a number of status wires or "condition codes" 
Which are passed back to the Parser State Machine. This 
allows the State Machine to execute conditional jump 
instructions. m fact, all instructions are conditional 
jump instructions; one of the conditions that may be 
selected is hard-wired to the value "False". By selecting 
this condition, a "no jump" instruction may be constructed 

In accordance with the present invention, the Token 
Formatter has two inputs: a data field from the ALU and/or 
a constant field coming from the Parser State Machine. m 
addition, there is an instruction that tells the Token 
Formatter how many bits to take from one source and then to 
fill in with the remaining bits from the other for a total 
of .8 bits. For example, HORI20NTAL_SIZE has an 8 bit field 
that is an invariant address identifying it as a 
HORI20NTAL_SI2E Token. In this case, the 8 bits come from 
the constant field and no data comes from the ALU. If, 
however, it is a DATA Token, then you would likely have 6 
bits from the constant field and two lower bits indicating 
the color components from the ALU. Accordingly, the Token 



Formatter takes this information and puts it into a token 
for use by the rest of he system. Note that the number of 
bits from each source in the above examples are merely for 
Illustration purposes and one of ordinary skill in the art 
will appreciate that the number of bits from either source 
can vary . 

The ALU includes a bank of counters that are used to 
count through the structure of the picture. The dimensions 
of the picture are programmed into registers associated 
with the counters that appear to the "microprogrammer " as 
part of the register bank. Several of the condition codes 
are outputs from this counter bank which allows conditional 
jumps based on "start of picture", "start of macroblock" 
and the like. 

Note that the Parser State Machine is also referred to as 
the "Demultiplex State Machine". Both terms are used in 
this document. 

Input Shiftgf 

In the present invention, the Input Shifter is a very 
Simple piece of circuitry consisting of a two pipeline 
stage datapath ("hfidp") and controlling Zcells ("hfi") . 

In the first pipeline stage. Token decoding takes place 
At this stage, only the DATA token is recognized. Data 
contained in a DATA token is shifted one bit at a time into 
the Huffman Decoder. The second pipeline stage is the 
Shift register. m the very last word of a DATA token, 
special coding takes place such that it is possible to 
transmit an arbitrary number of bits through the coded data 
buffer. The following are all possible patterns in the 
last data word. 
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T"l. B.,.. ^^^^ ^^^^ 

As the data bits are shift«rt i^^^- 

ICO.,. ,p,,,,„„ . Tn.ic«« ' ^= 

bits in th. Shift reaist.r ^ remaining 

discarded. Note tJtThi "'"'^ °" 
X«t „ord o. : o^rxoKen 

the*'„u«T'T ^" ToKens are passed to 

into "nl s" T" '''y 1-ded 

into the second pipeline stage but n« k • • 

place Noi-o ^-K ^ "° sf^ifting takes 

Place. Note that the DATA header is 

passed to u discarded and is not 

H ssea to the Huffman at all. Two "van^.. 

and serial valine valid" wires (out valid 

=>ciriai valid) are provided ~ 

«ve„ ti„e and it indicates Jnar / " " ° 

presented at that »o»ent. °' 
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B.2.2 Huffman Decoder 

The Huffman Decoder h=.= = 
The envious is , " r " " oP-«io„ 

can also .c/.J'^Z, ^"^ """"" 

ccept Tokens from the Inshitt block. 

^ The Hu«„an Oecc.e includes e very s..ll s«te machine 
This is used When aecodin, block-l.v.l information. This 

' IS because it r^^^^ ^ inis 

»eke decisirs"<s";e-: rs^^a/r::: :r 

^T--- - - z T - 

When this Stat. Machine is use" the „ ,r ' 

issues commands to the Index :o n r " 

Huffman Cecoder state Mai" ™' 

state Machine cannot control all r,r 

macrocode instruction bits and, therefor. It cannot ■ 

the full r-ar^«-^ * i-wie, ic cannot issue 

B.2.2.1 Theory of Operation 

When decoding Huffman codes the H.,ff«. r^ 

present invention uses an ari'th ! °' 

the incoming code intl a Huff r P""dure to decode 

lies between 0 a^d '"'^^ '^""'^^ ' ^^^^ 

entries, . Bits are ! " '^"^ ^^ 

Shifter! °- the input 

In order to contrni i-k« 
humb.r Of tabl.s are required""™ " °' ' 
possible number of bits Tn a l'^ 
cod.s there are of th t l.nl " " 
information is typical^ nor „ ■ 

.e.naral Huffman cod. "ow.v.r Tl^^" ^ '^'"'^ ^ 
the Huffn,,« ^ "owever, in MPEG, H.261 and JPEG, 

tne Huffman codes are chosen c.^k *u ^ . 
alone r-.r, ="osen such that this information 

alone can specify the Huffman Code table Ther. 
unfortunately just one exceotion r 

table fro™ u\L k ''''^P''"" ^his; the Tcoefficienc 

^acie from H.261 which is also used in MPFr ^v, • 
a« • in MPEG. This reauires 

an additional table that is described 1 ! ^ 
exce.r,«-i« ^ "escribed elsewhere (the 

exception was de-liberately introduced in H h 

in H.261 to avoid 



a 
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Start code emulation) . 

It-Ts-.„portant co realize that the tables used by this 

-hxle other designs of Huffman decoders would have require! 
the generation of internal tables from the transmitted 
ones. Thxs would have required extra storage and extra 
processing, to do the conversion. since the tables in MPEG 
and H.261 (with the exception noted above) can be described 
practTcai" ' ""^^^-^-dard decoder becomes 

The following fragment of "C" illustrates the decoding 

^5 r ^5 C S ^> f 

rotai = 0; 
Lnt s = 0; 
:.nc bic = 0; 
-r.SLgned long cede = 0; 
* n - 1 r. d e X = 0 ; 

-hiie ( Lndex>as total ) 
ifibiz>smax bits) 

5a^i(-huff_decode: ran off end of huff tabie\n"); 
code={code<<l ) Inext^bitO; 

index=code-s*totai ; 
rotai-=codes_per_bit(bit ) ; 
s=(s*codes_per_bit(bitl 

bit**; 



The process generally, is directly mapped into the 
SI.. con implementation- although advantage is taken of the 
fact that certain intermediate values can be calculated in 
Clock phases before they are required. 

From the code fragment we see that; 
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^ 2Q1. totals ^, = totals + cpb, 

EQ3.code^^, = 2code, + bit 

EQ 4. index^ ^ , = 2code„ + bit^ + total^ - 's, 
Un,o.una.e.y in , ,^ ^ ^^^^^ ^^^^^^^^ ^ 

a variabte 'shiftetf- used in piace of the variable 's'. ,n this case: 

In the hardware, however, it proved easier to use a 
modified set of equations in which a variable "shifted" is 
used m place of the variable "s". m this case; 

EQ 5. shifted^ ^ , = 2shifted, + cob 

It turns out that: 

6. = 2shifted 



and so substituting this back into Equation 4 



we see that: 



EQ 7. index^ ^ , = 2 (code, - shiftedj + total + bit 



in addition to calculating successive values of "index- 
it IS necessary to know when the calculation is completed.' 
Fron, the "C" code fragment we see that we are done when: 



EQ8. index^^, < total, ^, 



substituting from Equation 7 and Equation l we see that 
we are done when: 



EQ 9. 2 (code^ - shifted^ + bit^ - cpb„ < o 



in the hardware implementation of the present invention, 
the common term in Equation 7 and Equation 9, {code„ - 
Shifted,) is calculated one phase before the remainder of 
these equations are evaluated to give the final result and 
the information that the calculation is "done". 

one word of warning. m various pieces of "C" code 
notably the behavioral compiled code Huffman Decoder and 
the sm4code projects, the "c" fragment is used almost 
directly, but the variable "s" is actually called 
"Shifted". Thus, there are two different variables called 
"Shifted". one in the "C" code and the other in the 
hardware implementation. These two variables differ by a 
factor of two. 

B. 2. 2. 1.1 Invert i n o tha Pata Bii-q 

There is one other piece of information required to 
correctly decode the Huffman codes. This is the polarity 
Of the coded data. it turns out that H.261 and JPEG use 
opposite conventions. This reflects itself in the fact 

that the start cori^c in u 

coaes m H.261 are zero bits whilst the 

marker bytes in JPEG are one bits. 

In order to deal with both conventions, it is necessary 
to invert the coded data bits as they are read into the 
Huffman Decoder in order to decode H.261 style Huffman 
codes. This is done in the obvious manner using an 
exclusive OR gate. Note that the inversion is only 
performed for Huffman codes, as when decoding fixed length 
codes, the data is not inverted. 

MPEG uses a mix of the two conventions, m those aspects 
inherited from H.261, the H.261 convention is used. In 
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those inherited from jprr t^n^ ^ 

coeffi^ie-nts) the jpZ ^^^^^ng of DC intra 

I tne JPEG convent ion • is used 
Tran>,fnrn. c oeff,- 

3 MPHrU^r.rV^^"""^" Efficients ta.ie in „..e. and 
MPHC is a supe" set o7tr rT''^' ^^^^ ^" 

implementation of he :r : ^" '"^^^^^ 

^ present invention, therp 

'-'t course, other aspects of i-h^ 
compression standard „ay .eii .e brC.n. rorMpe 
these emended codes „ixi cause start code e^u^attn !; 

second, the transforn, coefficient table has an ano„. , 
that means that it i« „„- j anomaly 

Wth the codes per ^u LT 

the codes Of ""lenatn 

of length six bits. Th.s. code words ar. 
systematically substituted by alternate code words In an 

encoder, the correct resuii- 4,. ■ ^oras. in an 

in the nornal obtained by first encoding 

the normal manner. Then, for all codes that are si! 
bxts or longer, the first six bits are substituted bv 
another six bits by a simple table looK-up operation In 
• decod " -"-^ance with the present invention the 

decoding process is interrupted just before the sixth bit 
xs decoded, the code words are substituted using a table 
look-up, and the decoding continues. 

so ' the^'n --^it codes 

so the necessary look-up table is very small 

operation is further helped by the fact th.. T 

bits of i-K«, ^ f oy tne fact that the upper two 

result '"^ operation. .s a 

instead a , "^'"^"^ '° - true look-up table. 

-e C;:::: " " 

is caul! ?" '""=^°™«i°n- The module that does this 
defined h ^^P- =f "de substitution is 

possible codes is replaced by another code fron, that set 



'"urrn"'" introduced or old codes o.itted) . 

Furthermore, a unique implementation is used for the very 
first coefficient in a block m ^H • "every 

impossible for an . " 

for an end-of-block code to occur an^ 
therefore, the table is modified so that th« ! 
occur-t-ir,„ w , -^i-i-ea so that the most commonly 

occurring symbol can use the code that would otherwise be 
interpreted as end-of-block Thi<, nerwise be 

DiocK. This may save one bit it 
turns out that with the architecture for deccain,. „ 
accordance «th the present invention, .his is easii" 
accommodated. m short, for the first Mt of the first 
coefficient the decoding is deemed ..done" if "index" has 
the vaiue .ero. rurthermore, after decodin, oni. in; e 
..it there are only two possible values for "index" .!ro 
and one, .t is only necessary to test one bit. 
Reoist.,- jna »Ji »r PiTT 

.iT.T/'"'" """"^ °' ^"""^ invention can deal 

-ith Huffman codes that may be as Ion, as 16 bits 

Th°rr::' =niy ei,ht bits tm. 

This is possible because ue Icnow that the largest possible 
value of the decoded Huffman Index number is In'act 
this could only happen in extended .p.c and. - in the cur ren" 

128, so 7 bits Will not suffice). 

It turns out that for all .egai Huffman codes, not only 
the final value of "indev km*. • ' '"t oniy 

°^ ^"'^^^ ' all intermediate values lie 

xn the range 0 to 255. However, for an illegal code, i e 
an attempt to decode a code that is not in the current code 
table (probably due to a h^i-z> ^ 

exceed J55 J ^'^"^ "'V 

lolTJ : " ""hine, it is 

"Index 'd " " '^-^ °^ 

bits thT' "-^ Significant 

iscarded. For this reason, if at any time during decodin, 
that T" """" ""^ °" -dder 

abandoneT ""^ ^-"^^"^ - 
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Twelve^ bi,. Of ..code" are preserved. This is not 
necessary for decoding Huffman codes where an eight bit 
register would have been sufficient. These upper bits are 
required for fixed length codes where up to twelve bits .ay 
D€ read. ^ 

B. 2. 2. 1.4 operation for f^vo^ Lanath r»^oo 

For fixed length codes, the "codes per bit" value is 
forced to zero. This means that "total" and "shifted" 
remain at zero throughout the operation and "index" is 
therefore, the same as code. m fact, the adders and the 
like only allow an eight bit value to be produced for 
"xndex". Because of this, the upper bits of the output 
word are taken directly from the "code" register when 
decoding fixed length codes. When decoding Huffman codes 
these upper bits are forced to zero. 

The fact that sufficient bits have been read from the 
input IS calculated in the obvious manner. A comparator 
compares the desired number of bits with the "bit" counter. 
B.2.2.2 Decoding Coefficient Data 

The Parser State Machine, in accordance with the present 
invention, is generally only used for fairly high-level 
decoding. The very lowest level decoding within an eight- 
by-eight block Of data is not directly handled by this 
state machine. The Parser State Machine gives a command to 
the Huffman Decoder of the form "decode a block" The 
Huffman Decoder, Index to Data Unit and ALU work together 
under the control of a dedicated state machine (essentially 
in the Huffman Decoder) . This arrangement allows very high 
performance decoding of entropy coded coefficient data. 
There are also other feedback paths operational in this 
node of operation. For instance, in JPEG decoding where 
the -.LCs are decoded to provide SIZE and RUN information, 
the SIZE information is fed back directly from the output 
Of the Index to Data Unit to the Huffman Decoder to 
instruct the Huffman Decoder how many FLC bits to read In' 
addition, there are several accelerators implemented. For 
instance, using the same example all VLC values which yield 



a SIZE of zero are explicitly trapped by looking at the 
Huffman Index Value before the Index to Data stage. This 
means that in the case of non-zero SIZE values, the Huffman 
Decoder can proceed to read one FLC bit BEFORE the actual 
value of SIZE is known. This means that no clock cycles 
are wasted because this reading of the first FLC bit 
overlaps the single clock cycle required to perform the 
table look-up in the Index to Data Unit. 
B, 2. 2, 2.1 MPBQ and H.261 AC Coefficient Data 

Figure 127 shows the way in which AC Coefficients are 
decoded in MPEG and H.261. A flow chart detailing the 
operation of the Huffman Decoder is given in Figure 119. 

The process starts by reading a VLC code. In the normal 
course of events, the Huffman index is mapped directly into 
values representing the six bit RUN and the absolute value 
of the coefficient. A one bit FLC is then read giving the 
sign of the coefficient. The ALU assembles the absolute 
value of the coefficient with this sign bit to provide the 
final value of the coefficient. 

Note that the data format at this point is sign-magnitude 
and, therefore, there is little difficulty in this 
operation. The RUN value is passed on an auxiliary bus of 
six bits while the coefficients value (LEVEL) is passed on 
the normal data bus. 

Two special cases exist and these are trapped by looking 
at the value of the decoded index before the Index to Data, 
operation. These are End of Block (EOB) and Escape coded 
data. In the case of EOB, the fact that this occurred is 
passed along through the Index to Data Unit and the ALU 
blocks so that the Token Formatter can correctly close the 
open DATA Token. 

Escape coded data is more complicated. First six bits of 
RUN are read and these are passed directly through the 
Index to Data Unit and are stored in the ALU. Then, one 
bit of FLC is read. This is the most significant bit of 
the eight bits of escape that are described in MPEG and 
H.261 and it gives the sign of the level. The sign is 
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explicitly read in this implementation because it 
necessary to send different commands to the ALU for 
negative values versus positive values. This allows the 
ALU to convert the twos complement value in the bit stream 
into sign magnitude. In either case, the remaining seven 
bits of FLC are then read. if this has the value zero, 
then a further eight bits must be read. 

In the present invention, the Huffman Decoder's internal 
state machine is responsible for generating commands to 
control itself and to also control the Index to Data Unit, 
the ALU and the Token Formatter. As shown in Figure 12 4, 
the Huffman Decoder's instruction comes from one of three 
sources, the Parser State Machine, the Huffman state 
Machine or an instruction stored in a register that has 
previously been received from the Parser State Machine. 
Essentially, the original instruction from the Parser State 
Machine (that causes the Huffman State Machine to take over 
control and read coefficients) is retained in a register, 
i.e., each time a new VLC is required, it is used. All the 
other instructions for the decoding are supplied by the 
Huffman State Machine. 

9.2.2,2.1 MPEQ DC Coeffieiaqt Data 

This is handled in the same way as JPEG DC Coefficient 
Data. The same (loadable) tables are used and it is the 
responsibility of the controlling microprocessor to ensure 
that their contents are correct. The only real difference 
from the MPEG standard is that the predictors are reset to 
zero (like in JPEG) the correction for this being made in 
the Inverse Quantizer. 
B.2.2.2 .3 JPEO Coefficient Data 

Figure 120 is a block diagram illustrating the 
hardware, in accordance with the present invention, for 
decoding JPEG AC Coefficients. Since the process for DC 
Coefficients is essentially a simplication of the JPEG 
process, the diagram serves for both AC and DC 
Coefficients. The only real addition to the previous 
diagram for the MPEG AC coefficients is that the "SSSS" 



field is fed back and may be used as part of the Huffman 
Decoder command to specify the number of FLC bits to be 
read. The remainder of the command is supplied by the 
Huffman State Machine. 

Figure 121 depicts flow charts for the Huffman decoding 
of both AC and DC Coefficients. 

Dealing first with the process for AC Coefficients, the 
process starts by reading a VLC using the appropriate 
tables (there are two AC tables) . The Huffman index is 
then converted into the RUN and SIZE values in the Index to 
Data unit. Two values are trapped at the Huffman Index 
stage, these are for EOB and ZRL. These are the only two 
values for which no FLC bits are read. In the case when 
the decode index is neither of these two values, the 
Huffman Decoder immediately reads one bit of FLC while it 
waits for the Index to Data Unit to complete the look-up 
operation to determine how many bits are actually required, 
in the case of EOB, no further processing is performed by 
the Huffman State Machine in the Huffman Decoder and 
another command is read from the Parser State Machine. 

in the case of ZRL, no FLC bits are required but the 
block is not completed. In this case, the Huffman decoder 
immediately commences decoding a further VLC (using the 
same table as before) . 

There is a particular problem with detecting the index 
values associated with ZRL and EOB. This is because 
(unlike H.261 and MPEG) the Huffman tables are 
downloadable. For each of the two JPEG AC tables, two 
registers are provided (one for ZRL and one for EOB). 
These are loaded when the table is downloaded. They hold 
the value of index associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. These are loaded when 
the table is downloaded. They hold the value of index 
associated with the appropriate symbol. 

The ALU must convert the SIZE bit FLC code to the 
appropriate sign-magnitude value. This can be done by 



first ^ign-extending the value with the wron^ sign. If the 
sxgn bit-is now set. then the ren,aining bits are inverted 

(ones complement) . 

in the case of DC Coefficients, the decision making in 
the Huffman Decoding Stage is somewhat easier because there 
IS no equivalent of the ZRL field/ The only symbol which 
causes zero FLC bits to be read is the one indicating zero 
DC difference. This is again trapped at the Huffman Index 
stage, a register being provided to hold this index for 
each of the (downloadable) jpeg DC tables. 

The ALU of the present invention has the job of forming 
the final decoded DC coefficient by retaining a copy of the 
last DC Coefficient value (known as the prediction) . Four 
predictors are required, one for each of the four active 
color components. When the DC difference has been decoded 
the ALU adds on the appropriate predictor to form the 
decoded value. This is stored again as the predictor for 
the next DC difference of that color component. since DC 
coefficients are signed (because of the DC offset) 
conversion from twos complement to sign magnitude is 
required. The value is then output with a RUN of zero. m 
fact, the instructions to perform some of the last stages 
of this are not supplied by the Huffman State Machine 
They are simply executed by the Parser State Machine. 

in a similar manner to the AC Coefficients, the ALU must 
first form the DC difference from the SIZE bits of FLC 
However, in this case, a twos complement value is required 
to be added to the predictor. This can be formed by first 
sign extending with the wrong sign, as before. If the 
result is negative, then one must be added to form the 
correct value. This can, of course, be added at the same 
tine as the predictor by jamming the carry into the adder. 
B.2.2.3 Error Handling 

Error handling deserves some' mention. There are 
effectively four sources of error that are detected: 
Ran off the end of a table. 
Serial when token expected. 



■Token when serial expected. 
•To5"many coefficients in a block. 

The first Of these occurs in two situations. if the bit 
counter reaches sixteen (legal values being o to 15) then 
an error has occurred because the longest legal Huffman 
code .s sixteen bits. if any intermediate value of "index- 
exceeds 255 then an error has occurred as described in 
section B . 2 . 2 . l . 3 . 

The second occurs when serial data is encountered when a 
Token was expected. The third when the opposite condition 

arises . 

The last type of error occurs if there are too many 
coefficients in a block. This is actually detected in the 
Index to Data Unit. 

When any of these conditions arises, the error is noted 
in the Huffman error register and the Parser state machine 
xs interrupted. it is the responsibility of the Parser 

State Machine to deal with the error Ann ^ 

uue error and to issue the 

commands necessary to recover. 

The Huffman cooperates with the Parser State Machine at 
the time of the interrupt in order to assure correct 
operation. When the Huffman Decoder interrupts the Parser 
State Machine, it is possible that a new command is waiting 
to be accepted at the output of the Parser State Machine. 
The Huffman Decoder will not accept this command for two 
Whole cycles after it has interrupted the Parser State 

Machine. This allows the Parser stai-o m= k • 

rarser State Machine to remove 

the command that was there (i^Hir-y. u 

unere (which should not now be 

executed, and replace it with an appropriate one. After 
these two cycles, the Huffman Decoder will resume normal 
operation and accept a command if a valid co;„;na.,d is there. 
If not, then it will do nothing until the Parser State 
Machine presents a valid command. 

When any of these errors occur, the "Huffman Error" event 
bit IS set and, if the mask bit is set, the block will stop 
and the controlling microprocessor win be interrupted in 
the normal manner. 



VT situations, 
What looks ixke an error, is not actually an error. The 
most important place where this occurs is when reading the 
macroblock address. it is legal in the syntaxes of Leg 
H.261 and JPEG for a Token to occur in place of the 
expected macroblock address. if this occurs in a legal 
manner, the Huffman error register is loaded with zero 
(meaning no error) but the Parser State Machine is still 
interrupted. The Parser State Machine's code must 
recognize this "no error" situation and respond 
accordingly. m this case, the "Huffman Error" event bit 
will not be set and the block will not stop processing. 

Several situations must be dealt with. First, the Token 
occurs immediately with no preceding serial bits. m this 
case, a "Token when serial expected error" would occur 
instead, a "no error" error occurs in the way just 
described . 

second, the Token is preceded by a few serial bits. m 
this case, a decision is made. if all of the bits 
preceding the Token had the value one (remember that in 
H.2 61 and MPEG the coded data is inverted so these are zero 
bits in the coded data file) then no error occurs. if 
however, any of them were zero, then they are not valid 
stuffing bits and, thus, an error has occurred and a "Token 
when serial expected" error does occur. 

Third, the token is preceded by many bits. In this case 
the same decision is made. if all sixteen bits are one 
then they are treated as padding bits and a "no error- 
error occurs. If any of them had been zero, then "Ran off 
Huffman Table" error occurs. 

Another place that a token may occur unexpectedly is in 
JPEG. When dealing with either Huffman tables or Quantizer 
tables, any number of tables may occur in the same Marker 
Segment. The Huffman Decoder does not know how many there 
^re. Because of this fact, after each table is completed 
it reads another 4-bit FLC assuming it to be a new table 
number. if. however, a new marker segment starts, then a 
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token jvili be encountered in place of the 4 bit FLC. This 
requirement is not foreseen and, therefore, an "Ignore 
Errors" command bit has been added. 
B.2.2.4 Huffman Commands 

Here are the bits used by the Parser State Machine to 
control the Huffman Decoder block and their definitions. 
Note that the Index to Data Unit command bits are also 
included iri this table. From the microprogrammer ' s point 
of view, the Huffman Decoder and the Index to Data Unit 
operate as one coherent logical block. 



1 - 


j Name 


F-jnc:;on 


11 


Ignore Errors 


. Used ro disable errors m certain c::c;j.'r^:ances. ! 


10 


Download 


Eitner nomiroate a :aoie fcr cowntcac zr cownioao caia i 
into that table. j 


9 


Aiutao 


Use inlormauon Irom me ALU reg:stfrs :o soecir/ u*.e j 

i 

table number (or numcer of bits 0/ PLCl | 


8 


Bypass 


Bypass me Index :o Data Unit j 


7 


Token 


Cecoce a Token ratner tnan ?LC or VLC i 


6 


First Coeff 


Seieca first coefficient tncK tor Tccef? :acie anc c;rer j 
soectal modes. ! 


I 

» 5 
1 


SoecjaJ 


ii set ir.e Muflman State fnacr.:ne $rc-:3 :3Ke ever 1 
cortrol. 


-» ! VLC (not PLC) 1 


Soecfy VLC or FLC 


3 1 


Tab<e(3) | 


Soec:fy ne Ub«e to use for vlC 



Table B,2.2 Huffman Decoder Commanda 



Table B.2.2 Hufman Decoder Commands 

B. 2. 2. 4.1 Reading FLC 

In this mode, ignore Errors, Download, Alutab, Token 
First Coeff, Special and VLC are all zero. Bypass will be 
set so that no index to Data translation occurs. 

The binary number in Table[3:0] indicates how many bits 
are to be read. 

The numbers o to 12 are legal. The value zero does 
indeed read zero bits (as would be expected) and this 
instruction is, therefore, the Huffman Decoder NOP 
instruction. The values 13, 14 and 15 will not work and 
the value 15 is used when the Huffman State Machine is in 
control to denote the use of "SSSS" as the number of bits 
of FLC to read. 
B.2.2. 4. 2 R gadinq VT.r 

In this mode, ignore Errors, Download, Alutab, Token 
First Coefficient and Special are zero and VLC is one' 
Bypass will usually be zero so that Index to Data 
translation occurs . 

In this mode Token, First Coefficient and Special are all 
zero, VLC is one. 

The binary number in Table[3:0] indicates which table to 

use as shown: 



1 TatKe(3:0] 


VLC Tabt« to us« 


0000 


TCoefficiem (MPEG and H.261) 




0001 


C8P (Cod«d Block P«n«m) 




0010 


MBA (MacroWocK Address) 




{ 0011 


MVO (Motion Vector Oau) 


! 0100 


Intra Mryoe 




1 0101 


Predicted Mtype 




0110 


Inter pouted Mrype 




0111 


H.261 Mtype 




10x0 


JPEG (MPEG) OC Taftle 0 




1 10x1 


JPEG (MPEG) OC Table i j 


j 11x0 


JPEG AC Table 0 




11x1 


JPEG AC Table i 


1 



Table B.2.3 Huffman Tables 



Note that in the case of the t-Ahi<.^ k • 
the JPFr ^.w, , tables held in RAM (i.e. 

cne JPEG tables) bit i ie 

selection, "^^'^ ^° ^^^^ tabl 

selections occur twice Tf a ««« u 

hMiiV w ^wice. If a non-baseline JPEG decoder i 

and T.ble[lJ will then be requires. 

H^261 style tables. In the case of Table o, .0 , th. 
appropriate Ri„, modification is also applied ' ' 
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B.2.2.J^.-\ WOP Insl^ruetion 

AS pre-viou3ly described, the action ot reading a PLC ,£ 
-r= Mts i= .s.d a. a Operation instruction Ho d.:. 
- read fr=„ the input, ports (either Token or Serial, a'd 
the „u»„an Oecoder outputs a data, value o. .ero a n^ „ 
the instruction word. 

B.2.2.4.4 TCoeffirient Fir«i«- c oaffi^-io^«. 

The H.261 and MPEG TCoefficient Table has a special non- 
Huff.an code that is used for the very first coefficient in 
the block. In order to decode a TCoefficient at the start 
Of a block, the First Coefficient bit znay be set along with 
a VLC instruction with table zero. One of the .any effects 
Of t:^e Fi,3^ coefficient bit is to enable this code to be 
decoded . 

Note that in normal operation, it is unusual to issue a 
simple" command to read a TCoefficient VLC. This is 
because control is usually handed to the Huffman Decoder by 
setting the Special Bit. 

^•^•2.4.5 Reading Token Wo^ ^- 

in order to read Token words, the Token bit should be set 
to one. The Special and First Coefficient bits should be 
zero. The VLC bit should also be set if the TablefOJ bit 
IS to work correctly. 

in tnis mode, the bits Tablefij and TablefO] are used to 
modify the behavior of the Token reading as follows: 



Bit 


Meaning 




OiscMf^ saceing sits of senat data 


1 1 1 Oisca/d all senai cata. 



If both Tableco) and TableCl] are zero, then the presence 
Of ser.al data .efore the toKen is considered to J" 
error and win be signalled as such. 

If Table CD is set, then all serial data is discarded 
untxl a ToKen Word is . encountered . Ho error will blcaused 
by the presence of this serial data. 

If TableCO] is set, then padding bits win be discarded 

hh'' Z """"^-y ^° ^"o- the polarity of the 

paddxng bxts. This is determined by Table[3J in exactly 
the same way as for reading VLC data. if Table (3 1 is 
zero, xnput data is first inverted and then any "one" bits 
are discarded. If Table (3J is set to one, the input data 
IS NOT inverted and "one" bits are discarded. since the 
action Of inverting the data depending upon the Tablet 3] 
bit IS conditional on the VLC bit, this bit must be set to 
one. If any bits that are not padding bits are encountered 
(i.e., "1" bits in H.261 and MPEG) an error is reported 

Note that in these instructions only a single Token word 
xs read. The state of the extension bit is ignored and it 
xs the responsibility of the Demux to test this bit and act 
accordingly. Instructions to read multiple words are also 
provided - see the section on Special Instructions. 

^•2-2.4.6 ALU tl^qi *,tara Sp ecify T«m^ 

If the "Alutab" bit is set. registers in the ALU's 
register file can be used to determine the actual table 
number to use. The table number supplied in the command, 
together with the VLC bit, determines which ALU registers 
are used; 

Table B.2.4 ALU Register Selection 



VLC 


1 ia6teC3:0] 


ALU Ubie 


0 


zOst 




0 


zlaa 




1 


zOst 




t 




ac_fiuft^comoid| 



si 

m 
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10 



bits - '""^"^ ""--^ "-^er Of 

bits are read for decoding the vectors. if r size is ze. 
a NOP instruction results. " 

has'talTer?," ' ^^-"-^ table nu.ber 

has tablet 3 J set to one so that the resulting number refers 
to one of the Jpeg tables. 

^'^'2.4.7 special Tnatruei. , «n« 

All Of the instructions (or modes of operation) described 

coTJnl\T " instructions. For each 

^ command that xs received, the appropriate amount of input 

data (Of either serial of token data) is read and the 
resulting data is output. if no error is detected, exactly 
one output will be generated per command. 
I in the present invention, special instructions have the 

15 characteristic that more than one output word may .e 
generated for a single command. m order to accomplish 
this f.nct.on the Huffman Decoder's internal state Machine 
takes control and will issue itself instructions as 
regu.red untxl it decides that the instruction which the 
Parser requested has been complete. 

in all special instructions, the first real instruction 
Of the sequence that is to be executed is issued with the 
special b.t set to one. This means that all sequences must 
^.ave a unique fxrst instruction. The advantage of this 
scheme .s that the first real instruction of the sequence 
xs available without a look-up operation being required 
based upon the command received from the Parser. 
There are four recognized special instructions: 
• TCoef f icient 
3 0 -JPEG DC 
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JPEG AC 
Token 
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The t.rsz of these reads H.261 and MPEG Transform 
coeffxc.ents, and the like, until the end-of-block symbol 
J read. if the block is a non-intra block, this command 
xll read the entire block. In this case, the "First 
coefficient" bit should be set so that the first 



rirst Coerficienf bit should be zero 
in the case of an intra block in H.2ei, the DC tern, is 
read usin, a ..simple., instruction . to read the s bits F^c 

destibed b"l instrultion 
aescribed below is used. 

The "JPEG DC.. con.n.and is used to read a JPEG style DC 
er™ (xncluding the SSSS bits E.c indicated by the vL" 
It xs also used in MPEG. The First Coefficient bit n>ust be 
set ^.n order that a counter (counting the number of 
coefficients) in the Index to Data Unit is reset 

The ..JPEG AC., command is used to read the remainder of a 

or tHe IT T "" "™ ^'^'^^ ^" encountered 

or the 64'^ coefficient is read. 

To.en' "^r"" ^° - ---- ToKen. 

Token words are read until the extension bit is clear it 

IS a convenient method of dea i i nrr r,^*.w 

R - , , ^ ^ ^ dealing with unrecognized tokens. 
Dovnloadinq Tahioo 

in the present invention, the Huffman Decoder tables can 
be downloaded by using the "Download., bit. The first step 
xs to nominate which table to download. This is done by 
issuing a command to read a FLC k«-u 

First r„^ff K^i- Download and 

first Coeff bits set. This ^T-r>=.^.-.J 

inis IS treated as an NOP so no bits 
are actually read, but the table number is stored in a 

IZT- '° i= "ein, 

loaded in subsequent downloading. 



Tab!, B.J. 5 JPEG T.tX.a 




AS the ,beve table shows, either the AC or DC tables can 
loeaed ahd table,,, determines whether it is the codls- 
per-bit table (in the Huffman decoder itself, or the Index 
to Data table that is loaded. 

once the table is nominated, data is downloaded into it 
by issuing a command to read the required number of rLC 
(always a bits, with the Download bits set <ahd the Pirst 
Coe» bit zero,. This causes the decoded data to be 
written into the nominated table. An address counter is 
maintained, the data is written ounter is 

,t written at the current address and 

then the address counter is incremented. The address 
counter IS reset to zero whenever a table is nominated. 
When downloading the Index to Data tables, the data and 

addresses are monitored. Note that rh. 
Hu,,„._ , ^"'^ the address is the 

Huffman index nunvber while the data loaded into that 
address xs the final decoded sy.bol. This information is 
used to automatically load the registers that hold the 
Huffman xndex number for symbols of interest. Accordingly 

J-n a JPEG AC table-, when tho u 

, wnen the data has the value 

corresponding to 2RL is recognized, the current address is 

iVn T CED_H_KEY 2RL INDEXO or 

CED H_KEV_ZRL_IMDEX1 as indicated by the tlble'number . 
Since decoded data is written ^-4. 

, written into the codes-per-bic 

table one phase after it has been decoH«H • 
r>«i^„ "een aecoded, it is not 

possible to read data from the table h,,,-- 

cafiie during this phase. 
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Therefore, an instruction attempting to read a VLC that is 
issued immediately after a table download instruction win 
fail. There is no reason why such a sequence should occur 
in any real application (i.e., when doing JPEG). It is 
5 however, possible to build simulation tests that do this.' 
B.2.2.S Huffman state Machine 

The Huffman state Machine, in accordance with the present 
invention, operates to provide the Huffman Decoder conunands 
that are internally generated in certain cases. All of the 
10 commands that may be generated by the internal state 
machine may also be provided to the Huffman Decoder by the 
Demux. 

The basic structure of the State Machine is as follows. 
When a command is issued to the Huffman Decoder, it is 
stored in a series of auxiliary latches so that it may be 
reused at a later time. The command is also executed by 
the Huffman Decoder and analyzed by the Huffman State 
Machine. If the command is recognized as being the first 
of a known instruction sequence and the SPECIAL bit is set 
then the Huffman Decoder State Machine takes over control 
of the Huffman Decoder from the Parser State Machine. 

At this point, there are three sources of instructions 
for the Huffman Decoder: 

DThe Parser State Machine - this choice is made 
at the completion of the special instruction 
(e.g., when EOB has been decoded) and the next 
demux command is accepted. 

2) The Huffman State Machine. The Huffman State 
Machine may provide itself with an arbitrary 

^0 command. 

3) The original instruction that was issued by the 
Parser State Mchine to start the instruction. 

In case (2), it is possible that the table number is 
provided by feedback from the Index to Data Unit, this 
would then replace the field in the Huffman State Machine 
ROM. 

In case (l), in certain instances, table numbers are 
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'e"r-r„ V"" "'i"- ^Ue 

)■ inese values are stored in the auxiliarv r-^™ 
storage so thai- ^ auxiliary command 

ge, so that when that command is lat*.r- y 

■> table number is that whi^n h . "^^'^ 

IS tnat which has been stored T^ 

recovered again fron, the ALU since in 

c=.n«„ ... --^ 

Since the choice of the next instruction th« win be 
used depends upon the data that is hein, decoded. Ts 
necessary Tor the decision to .e „ad. very late in a cycle 
Accordxn,ly the ,eneral structure is one in „hich all of 
the possible instructions are prepared in parallel and 
»u t.piexm, late i„ the cycle determines the actual 
instruction. 

Note that in each case, in addition to determining the 
instruction that win be used by the Hu«„an Decoder in the 
next c 3^^^, ^^^^^^^ ^^^^ determines the 

instruction that will be attached to the current data as it 
passes to the Index to nai-a n^,.. ^ it 
exactlv tho ^""^ ALU. m 

prepared ""^^^ °' instructions are 

prepared m parallel and then a choice is made late in the 

Again there are three choices for this part of the 
xnstruction that correspond to the three choices for the 
next Huffman Decoder instruction above. 

DA constant instruction suitable for End of 

Block. 

2) The Huffman State Machine. The Huffman State 
Machine may provide an arbitrary instruction for 
the Index to Data Unit. 

3) The original instruction rn^i- 

i.uction that was issued by the 

Parser to start the instruction. 
B>2.2.5.i E QB Comparator 

The c=mparator-s output essentially forces selection 

Data o T"T " presented to the Index to 

Data unit and will also cause the next „uff.«n Instruction 



to be ^he next instruction from the Parser. The exact 
function *of the comparator is controlled by bits in the 
Huffman State Machine ROM. 

Behind the EOB comparator, there are four registers 
holding the index of the EOB symbol in the AC and DC JPEG 
tables. In the case of the DC tables, there is of course 
no End-Of-Block symbol but there is the zero-size symbol, 
that is generated by a DC difference of zero. Since this 
causes zero bits of FLC to be read in exactly the same way 
as the EOB symbol, they are treated identically. 

In addition to the four index values held in registers, 
the constant value, 1, can also be used. This is the index 
number of the EOB symbol in H.261 and MPEG. 
B.2.2.5.2 ZRL Comparator 

In the present invention, this is the more general 
purpose comparator. it causes the choice of either the 
Huffman State Machine instruction or the Original 
Instruction for use by the I to D. 

Behind the ZRL comparator, there are four values. Two 
are in registers and hold the index of the ZRL code in the 
AC tables. The other two values are constants, one is the 
value zero and the other is 12 (the index of ESCAPE in MPEG 
and H.261) . 

The constant zero is' used in the case of an FLC. The 
constant 12 is used whenever the table number is less than 
8 (and VLC) . One of the two registers is used if the table 
number is greater than 7 (and VLC) as determined by the low 
order bit of the table number. 

A bit in the state machine ROM is provided to enable the 
comparator and another is provided to invert its action. 

.If the TOKEN bit in the instruction is set, the 
comparator output is ignored and replaced instead by the 
extn bit. This allows for running until the end of a 
Token. 

^'2-2. 5. y Huffman State Maehine ROM 

The instruction fields in the Huffman State Machine are 
as follows: • • 



nxtstate[ 4:0] 

The address to use in the next cycle. This address maj 
be modified. 



statectl 



Allows modification of the next. state address. if zero 
the state machine address is unmodified, otherwise the LSB 
of the address is replaced by the value of either of the 
two comparators as follows: 



nnstate(0] 




0 


Reolace Lso by t08 match 


1 


Replace Lsb by 2F»U match 



Note: in any case, if the next Huffman Instruction is 
selected as "Re-run original command" the state machine 
will jump to location o, 1, 2 or 3 as appropriate for the 

command . 

eobct [ 1; 0 J 

This controls the selection of the next Huffman 
instruction based upon the EOB comparator and extn bit as 

follows : 



eobctl(i:0] 




00 


No efieci - see znc;i(i:OI 


01 


Take new (Parser) command if EOB 


10 


Take -ew (Parser) ccmmand tf ervi iow 


11 


Unconcilional Oemux tnsiPuction 



zrlct[ 1 : OJ 

This controls the selection of the next Huffman 
instruction based upon the ZRL comparator. If the 



condition is „et, then it takes the state machine 
instruction, otherwise it re-runs the original instruction, 
in either case, if an eobctl-. condition takes a demux 
instruction then this (eobctl*., takes priority as follows- 



2rlctJ(1:0l 




00 


Never ;ake SM (always re-run) 


01 


Always take SM command 


10 


SM if Zr^U maicncs 


M 


SM If Z3L does not maich 



smtab[ 3:0] 

In the present invention, this is the table number that 
will be used by the Huffman Decoder if the selected 
instruction is the state machine instruction. However, if 
the ZRL comparator matches, then the 2rltab(3:0] field is 
used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtabr3:0] and 2rltab{3:0J will have the same value. Note 
however, that this can lead to strange simulation problems 
in Lsim. In the case of MPEG, there is no obvious 
requirement to load the registers that indicate the Huffman 
index number for ZRL (a JPEG only construction). However, 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 
smtab[3:oj and zrltab[3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 
zrltab[ 3:0] 

This is the table number that will be used by the Huffman 
decoder if the selected instruction is the state machine 
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instruction. However, if the ZRL comparator matches then 
the 2rltab[3:oj field is used in preference. 

If it is not required that a different table number be 
used depending upon whether a ZRL match occurs, then both 
smtab(3:0] and zrltab[3:0] will have the same value. Note 
however, that this can lead to strange simulation problems 
in Lsim. In the case of MPEG. there is no obvious 
requirement to load the register that indicate the Huffman 
index number for ZRL (a JPEG only construction). However, 
these are still selected and the output of the ZRL 
comparator becomes "unknown" despite the fact that both 
smtab[3:0] and 2rltab[3:0] have the same value in all cases 
that the ZRL comparator may be "unknown" (so it does not 
matter which is selected) the next state still goes to 
"unknown" . 

zrltab[ 3:0] 

This is the table number that will be used by the Huffman 
Decoder if the selected instruction is the state machine 
instruction and the ZRL comparator matches. 

smvlc 

This is the VLC bits used by the Huffman Decoder if the 
selected instruction is the state machine instruction, 
aluzri [1:0] 

This field controls the selection of the instruction that 
IS passed to the ALU. It will either be the command from 
the Parser State Machine (that was stored at the start of 
the instruction sequence) or the command from the state 

machine : 



8luzrl(1:0] 




OO 


Always raKe c.. saved Par,*, Su.e Macnine Command " 


01 


Always lake me Huffman Sia.e Machine C<=mm,n« 


10 I 'aKeineHLTmanSM command if no(E08 


tl 1 Take w.Hu«.TjnSM command a no, ZHL 



a lueob 



Th.s_wxre controls modification of the instruction passed 
to the ALU based upon the EOB comparator. This simply 
forces the ALU's output mode to "zinput". This is an 
arbitrary choice; any output mode apart from "none" will 
suffice. This is to ensure that the end-of-lock command 
word is passed to the Token Formatter block where it 
controls the proper formatting of DATA Tokens: 



alueob 




0 


Oo not mocify ALU outsrc fteid 


1 1 Pofce zjnpur into ouisrc it EOS match 



The remainder of the fields are the ALU instruction 
fields. These are properly documented in the ALU 

description . 

^'2-2. S. A Huffman state MachSn« Modif 

in one embodiment of the state machine, the Index to Data 
unit needs to "know" when the RUN part of an escape-coded 
Tcoefficient is being passed to the Index to Data Unit 
While this can be accomplished using an appropriate bit in 
the control ROM, but to avoid changing the ROM, an 
alternative approach has been used. m this regard, the 
address going into the ROM is monitored and the address 
value five is detected. This is the appropriate location 
designated in the ROM dealing with the RUN field. of 
course, it will be apparent that the ROM could be 
programmed to use other selected address values. Moreover, 
the aforedescribed approach of using a bit in the control 
ROM could be utilized. 
B.2.2.6 Guided Tour of Schematics 

In the present invention, the Huffman Decoder is called 
"hd". Logically, "hd" actually includes the Index to Data 
Unit (this is required by the limitations of compiled code 
generation). Accordingly, "hd" includes the following 



major blocks; 



Table B.2.6 Huffman Modules 



Moout« Name 


0esc:t9ticn i 

1 




Hurtman Cecoaer (Antnmetic) aataoatn i 




Hutlmzn State Macfime Caiaoatn i 




tnaex 10 Dau Unit , 



The following description of the Huffman modules is 
accomplished by a global explanation of the various 
subsystem areas shown in greater detail in the drawings 
Which are readily comprehended by one of ordinary skill in 
the art. 

B. 2. 2. 6.1 Description of "hd«« 

The logic for the two-wire interface control usually 
includes three ports controlled by the two-wire interface; 
data input, data output and the command. m addition 
there are two "valid" wires from the input shifter!- 
token_valid indicating that a Token is being presented on 
in_data[7:0) and serial_valid indicating that data is being 
presented on serial. 

The most important signals generated are the enables that 
go to the latches. The most important being el which is 
the enable for the phi latches. The majority of phO 
latches are not enabled whilst two enables are provided for 
those that are; eO associated with serial data and eOt 
associated with Token data. 

In the present invention, the "done" signals (done, 
notdone and their phO variants doneo and notdoneO) indicate 
when a primitive Huffman command is completed. In the case 
-hen a Huffman State Machine command is executed, "done- 
will be asserted at the completion of each primitive 
command that cbmprises the entire state-machine command. 
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0 



The Signal notnew prevents the acceptance of a new eo. 
from the' Parser st^r^ m w • • a new command 

^-arser state Machine until the entire h,,^^ 
State Machine r-nmTn^^^ ■ entire Huffman 

<-nine command is completed. 

to „:/; - 

- decod.n, TMs =' -efficient 
This can actually happen in two ways. if the 
= i2e IS exactly one, this is fed back on rj . . 

Signal notfboneo. otherwise, the sizeTs e. .aC : l^tT 

5 output of T -» oacK from the 

si,:ai LVu./ric:tV"\t"ris'°"-""'^^°' - 

sion^i ^^tes that this IS occurring. The 

hi 'T"" " -"^^ -itipi:.ih/: 
::rr:eT\n^-t:ir\— - ^--'^^^ " 

size, as mentioned above th--= . 
Which this is done ritt 

or )pe,eobO. Note that in th'^'"' ^''^ 

U »ade Ope,eob,, the latcH i":: "i^: T" " """" 
data is fed back .nH . , " ^= 

Cleared until a new Parser state 
Machine command is accepted. The sian.i ^ 
actually get generated until a Huffman 
•Thus, the fi.ed length code M e • " 

affected, but the next Huf. ' 

replaced b. the forced end of ltc: T the""^"^"^" " 

i <= -1 * "-LOCK. In the case when size 

IS one and DpegeobO is nc^n , 

therefore. i ' .'s an iTs. li" '"t ' 
correct ti„e. Note that t ' '° 

zero to occur in thf. ^-Possible for a size of 

Size zero Z CCS and V.:""" 

produceTotV;' tVbo ''''' '^""^"^ °^ =~ " 

operation ": ;::r^"^ 

* -«ed length rodror^zV le™ 

Size zero is one, the forceeob 



ensu.e. .s'^.e.c ^Lr^ « r.n^^^/.o""^' 

used. Furthermo»-« instruction is 

ruirtnermore, invert indicates when i-k« • , 
should be inverted b.f . ^^""^^^ ^^^^ 

B.2.2 1 1, rin^ . decoding (see section 

ring should L aUtd^^ -^^ ^""^^^^^ 

e applied (see section B.2.2. 1.2) 

Kuns. These are built out of the i i ^ ^ 
path ROMs. The sirT„.i small data- 

interface address LTL . mxcroprocesscr 

Additional decoding is concerned with the UPi „.h 
registers such as those that hold the Hu«„an T ' 

for th^^ TDc-^ ^ Huffman index values 

i-uxr cne JPEG tables fpnn -yoT ^ axues5> 

tristate driver contL ^ '.or VesV re, "t" """"" ^ 
-ad.n, o. the codes per bit ,^s 

.»p™":;t~ .'^"".rt ^"'^^'^ 

With the Tcoeff first =0.,^ " ""^'^ """-"ion 



Regarding the extn bit, if a toir^r, ,• 
shifter ^hon "^"^ ^^o" the input 

hifter, then the associated extn bit is read »i 

. Otherwise, the last -value of extn is n 
aUows the testing of the extn bit bx h \ Lrilir ' 
- any ti.e after a toKen has been read "^"'"^^'^^ P^^^"'" 

When zerodat is asserted, the upper four k-. . 
Huffman output data are forced to zerl sZ. 
^ave valid values when decoding fixe.length ^ 

are zeroed when decoding a VLc a token 

y a token or when a nop 
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instruction is executed for any reason. 

q nerates the "done" signals. Essentially, there 
t-= groups Of reasons for being "done"; normal ^as^ s an" 
exceptional reasons. These are each handled by one of the 
tvo three way nultiplexers . 

The lower multiplexer ,i_l275, handles the nornal 

This IS the output Of the comparator comparing the Mt 
counter with the table number. In the case of a VLC, the 
Signal ndnvlc is used. This is an output from the 
arithmetic datapath and reflects directly Eguation in 
the case of an NOP instruction or a To,cen, only one cycle 
•■done'"""' - unconditionally 

In th. present invention, the upper multiplexer ,i 12,4, 
handles exceptional cases. Xf the decoder is expecting 
s i^e to be fed b.c. (fbexpctdo, in jp^o decoding and that 
Si.e IS one (notfboneo,, then the decoder is done because 
only one bit is reguired. if the decoder is doing the 

irst bit Of the first coefficient using the Tcoeff table 
it is done if bit zero of the current index is zero (see 
section If neither of these conditions are met 

then there is no exceptional reason for being done 

The NOR gate a_l2,2> finally resolves the "done" 
condition. The condition generated by i-570 (i.e., that 
the data is not valid, forces "done". This may seem a 
little strange. It is used primarily just after reset to 
force the machine into its "done" state in preparation for 
the first command ("done" resets all counters, registers 
etc.,. Note that any error condition also forces "done".' 

The signal notdonex is required for use in detecting 
error ..^e normal "done" signals cannot be used since on 

done would give a combinatorial feedback loop. 
Error detection and handlina i 
c-ir^,,,-. w nanaxxng, accomplished by 

circuitry which detects all of the possible error 



conditions. These are ORed t gether in i_ll90. in this 
case, i_ll93, i-585 and i_584 constitute the three bit 
Huffman error register. Note i_1253 and i-l254 which 
disable the error in the cases when there is no "real" 
error (section B.2.2,3). 

In addition, i_580 and i_579 along with the associated 
circuitry provide a simple state machine that controls the 
acceptance of the first command after an error is detected. 

As previously indicated, control signals are delayed to 
match pipeline delays in the Index to Data Unit and the 
ALU. 

Itod_l5ypass is the actual bypass signal passed to the 
Index to Data Unit. It is modified when the Huffman State 
Machine is in control to force bypass whenever a fixed 
length code is decoded. 

Aluinstr[32] is the bit that causes the ALU to feedback 
(condition codes) to the Parser State Machine. 
Furthermore, it is important when the Huffman State Machine 
is in control that the signals are only asserted once 
(rather than each time one of the primitive commands 
completes) . 

Aluinstr[36] is the bit that allows the ALU to step the 
block counters (if other ALU instruction bits specify an 
increment too) . This also must only be asserted once. 

In addition, these bits must only be asserted for ALU 
instructions that output data to the Token Formatter. 
Otherwise, the counters may be incremented prior to the 
first output to the Token formatter causing an incorrect 
value of "cc" in a DATA token. 

In the illustrated embodiment of the invention, either 
alunode[l] or alunode[0] will be low if the ALU will output 
to the Token Formatter. 

Figure 118, similar to Figure 27, illustrates the Huffman 
State Machine datapath referred to as "hdstdp". There is 
also a UPI decode for reading the output of the Huffman 
State machine ROM. 

Multiplexing is provided to deal with the case when the 



table number is specified by the ALU register file 
locations (see Section 8*2.2.4.6). 

The modification of aluinstr [3 : 2 ] deals with forcing the 
ALU outsrc instruction field to non-none (section 
B.2.2.5.3, description of alueob) 

Regarding the command register for the Huffman Decoder 
block (X) , each bit of the command has associated 
multiplexer which selects between the possible sources of 
commands. Four control signals control this selection: 

Selhold causes the register to retain its current state. 

Selnew causes a new command to be loaded from the Parser 
State Machine. This also enables loading of the registers 
that retain the original Parser State Machine command for 
later use. 

Selold causes loading of the command from the registers 
that retain the original Parser State Machine command. 

/seism causes loading of the command from the Huff-man 
State Machine ROM. 

In the case of the table number, the situation is 
slightly more complicated since the table number may also 
be loaded from the output data of the Index to Data Unit 
(selholdt and muxsize) . Latches hold the current address 
in the Huffman state machine ROM. The logic detects which 
of the possible four commands are being executed. These 
signals are combined to form the lower two bits of the 
start address in the case of a new command. 

Logic also detects when the output of the state machine 
ROM is meaningless (usually because the command is a 
"simple" command) , The signal notignorerom effectively 
disables operation of the state machine, in particular, 
disabling any modification of the instruction passed to the 
ALU. 

The circuitry generating fixstateO controls the limited 
jumping capability of this state machine. 

Decoding is also provided for driving the signals into 
the Huffman State Machine ROM. This is datapath-style 
combinatorial ROM. 



436 

The 
B. 2 . 2 .1 



.ene.ation of escape.run is described in Section 

Decoding also provides for the registers that h.,. 
Huffman Index numho^ ^ seers that hold the 

inaex number for symbols such as ZRr r-^ 

coaing in the center (est 4 : 0 J and zsr3-01 i 
generating the select signals for the ^ultlpleirs that 
se e t ,,,, ^^^^^^^^ ^^^^^ co/pate 4a nst 

the decode Huffman Index. against 
Regarding the control logic for the Huffman state 
Machine. Here the "instruction" bits from th. H 
S.a „3Chi„e KO« are combined .ith various cond^trrnT:: 

In the present invention i-k<=. 
notold . H the signals notnew, notsm and 

notold are used on sheet lo to control *-k«. 

Huffm^r, n to control the operation of the 

Huffman Decoder command register tho,, 

in an oKw,- egister. They are generated here 

.n an obvious manner from the control bits in the state 
.•nachine ROM (described in Section B 2 2 5 ^ Jl 

^j-t--*! 0-^*^.5.3) together with 

::rim°r::::.°' - Jhmatch 
insr/trpai;; Vo rr"";: " ^"^^ — 

n^rf^ ^ . ® actual multiplexing is 

performed in the Huffman State M«r-H,- 

an itate Machine datapath "hfstdn" 
Four control signals are generated. * 

in the case when the end-of-block has not been 
enc nt,,,,^ one of aluseldmx (selecting the Parser State 

state machine instruction) win be generated. 

in the case when the end-of-block has not been 
encountered, one of aluseleobd (selectincx o 
Machir,^ • ^ I selecting the Parser State 

Machine instruction) or aluseleohc / 

State M.^K- aiuseleobs (selecting the Huffman 

icate Machine instruction) win h« „ 

the ••o..^<= M , generated. m addition 

the outsrc" field of the ALU instr..^^; 

force ir ^ • J-nstruction is modified to 

lorce It to "zinput". 

A register holds the nominated table n,.mH« ^ 
downin;,H r^ ^- ^atjie number during table 

aownload. Decoding is provided for the cnrio= 

tne codes-per-bit RAMs . 



Additional decoding recognizes when symbols like EOB and 
ZRL are downloaded so that: the Huffman Index number 
registers can be automatically loaded. 

Regarding the bit counter, a comparator detects when the 
correct number of bits have been read when reading a FLC. 

B. 2 . 2 . 6 . 2 Descrintion of "hddp" 

comparators detect the specific values of Huffman Index. 
Registers hold the values for the downloadable tables. The 
multiplexers (meob[7:0] and m2r[7:0J) select which value to 
use and the exclusive-or gates and gating constitute" the 

comparators , 

Adders and registers directly evaluate the equations 
described in Section B.2.2.1. No further description is 
thought necessary here. An exclusive or is used for 
inverting the data (i_807) described in Section B. 2. 2.1.1. 

The "code" register is 12 bits wide. A multiplexing 
arrangement implements the "ring" substitution described in 
Section B. 2 . 2 . 1. 2 . 

Regarding the pipeline delays for data and multiplexing 
between decoded serial data (index[7:0]) and Token data 
(ntoken0(7:0]) , the Huffman index value is decided in ZRL 

and EOB symbols. 

Codes-per-bit ROMs and their multiplexing are used for 
deciding which table to use. This arrangement is used 
because the table select information arrives late. All 
tables are then accessed and the correct table selected. 

Regarding the codes-per-bit RAM, the final multiplexing 
of the codes-per-bit ROM and the output of the codes-per- 
bit RAM takes place inside the block "hdcpbram". 
B.2.2.6.3 D escription of "hdatdp" 

In the present invention, "Hdstdp" comprises two modules, 
"hdstdel" is concerned with delaying the Parser State 
Machine control bits until the appropriate pipeline stage, 
e.g., when they are supplied to the ALU and Token 
Formatter, it only processes about half of the instruction 
word that is passed to the ALU, the remainder being dealt 
with by the other module "hdstmod". 
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"Hdstmod" includes the Huffman State Machine ROM. Some 
bits Of this instruction are used by the Huffman state 
Machine control logic. The remaining bits are used to 
replace that part of the ALU instruction word (from the 
Parser State Machine) that is not dealt with in "hdstdel". 

"Hdstmod" is obvious and requires no explanation - there 
are only pipeline delay registers. 

"Hdstdel" is also very simple and is handled by a ROM and 
multiplexers for modifying the ALU instruction. The 
remainder of the circuitry is concerned with UPI read 
access to half of the Huffman State Machine ROM outputs. 
Buffers are also used for the control signals. 
B.2.3 The ToJcen Formatter 

The Huffman Decoder Token Formatter, in accordance with 
the present invention, sits at the end of the Huffman 
block. Its function, as its name suggests, is to format 
the data from the Huffman Decoder into the propriety Token 
structure. The input data is multiplexed with data in the 
Microinstruction word, under control of the 
Microinstruction word command field. The block has two 
operating modes; DATA_WORD, and DATA TOKEN. 
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The Microinstruction Word 

Table The Microinstruction 

word consisting of seven fields 



."eid Name 


2i:s 


Toiten 


0:7 


MasK 


6:11 


Slock Type (Si) 


12::3 


Ecernai cxtn (Es) 


14 


Oemux Extn (De) 


15 


end of Biocx (Eb) 


16 


Command (Cmd) 


17 



5 


17 16 


15 


14 


12 




6 




0 




3mciJ E) 


Oe 


Es 


Bt 


Mask 


Token 



The Microinstruction word is governed by the same accept as the Data word. 



The Microinstruction word is governed 
by the same accept as the Data word. 
B,2,3,2 Operating Modes 

Table B.2.8 Bit Allocation 



Cmd 


Mode 


0 


Data .Word 


t 


Oaia.Token 



B . 2 . 3 . 2 . 1 Data WnrH 

In thia mode, the top eight bits of the input are fed to 
the output. The bottom eight bits will be either the 
bottom eight bits of the input, the Token field of the 
Mxcroxnstruction word or a mixture of both, depending on 
the mask field. „ask represents the number of input bits 
m the mix, i.e. 

out_data ( 16 ; 8] =in_data [16:8] 

out_data { 7 : 0 ] = (Token [ 7 : o ] & ( f f «mask ) ) indata [7:0] 
When mask is set to 0 x 8 or greater, the output data 
-ill equal the input data. This mode is used to output 
words in non-DATA Tokens. With mask set to 0, out_data [ 7 • o ^ 
- will be the Token field of the Microinstruction word. This 
mode is used for outputting Token headers that contain no 
data. When Token headers do contain data, the number of 
data bits is given by the mask field. 

If External Extn{Ee) is set, out_extn=in_extn. 
Otherwise 

out_extn=De.Bt and Eb are "don't care". 
Dati a Token 

This mode is used for formatting DATA Tokens and has two 
functions dependent on a signal, f irst_coef f icient . At 
reset, first_coeff icient is set. When the first data 
coefficient arrives along with a Microinstruction word that 
has cmd set to i, out_data [ 16 : 2 J is set to 0 x 1 and 
out_data(l:0] takes the value of the Bt field in the 
Microinstruction word. This is the header of a DATA Token 
When this word has been accepted, the coefficient that 
accompanied the command is loaded into a register, RL and 
first_coefficient takes the value of Eb. When the next 
coefficient arrives. out_data (16 : 0 ] takes the previous 
coefficient, stored in RL. RL and first_coeff icient are 
then updated. This ensures that when the end of the block 
IS encountered and Eb is set, first_coeff icient is set, 
ready for the next DATA Token, i.e.. 



'UC_daca(l:OJ - 3C(l:0i 
.'ifU.OJ . ia_d*t«ri«:0) 

) 
( 

) 



B.2.3.3 Explanatory Discussion 

In accordance with the present invention, most of the 
instruction bits are supplied in the normal manner by the 
Parser state Machine. However, two of the fields are 
actually supplied by other circuitry. The "Bt" field 
mentioned above is connected directly to an output of the 
ALU block. This two bit field gives the current value of 
"cc" or "color component". Thus, when a DATA Token header 
IS constructed, the lowest order two bits take the color 
component directly from the ALU counters. Secondly, the 
"Eb" bit is asserted in the Huffman decoder whenever and 
End-of-block symbols id decoded (or in the case of JPEG 

When one is assumed because the last coefficient in the 

block is coded) . 

The in_extn signal is derived in the Huffman Decoder. It 

only has meaning with respect to Tokens when the extension 

bit is supplied along with the Token word in the normal 

way . 



B.2.4 jThe Parser state Machine 

The PaVser State Machine of the present invention is 
actually a very simple piece of circuitry. The 
complication lies in the programming of the microcode ROM 
which IS discussed in Section B.2.5. 

Essentially the machine consists of a register which 
holds the current address. This address is looked up in 
the microcode ROM to produce the microcode word. The 
address is also incremented in a simple incrementer and 
this incremented address is one of two possible addresses 
to be used for the next state. The other address is a 
field in the microcode ROM itself. Thus, each instruction 
is potentially a jump instruction and may jump to a 
location specified in the program. if the jump is not 
taken, control passes to the next location in the ROM. 

A series sixteen condition code bits are provided. Any 
one of these conditions may be selected (by a field in the 
microcode ROM) and, in addition, it may be inverted (again' 
a bit in the microcode ROM) . The resulting signal selects 
between either the incremented address or the jump address 
in the microcode ROM. One of the conditions is hard-wired 
to evaluate as "False". if this condition is selected, no 
jump will occur. Alternatively, if this condition is 
selected and then inverted, the jump is always taken; an 
unconditional jump . 



Table B.2.9 Condition Code Bits 





0 




Conrec:eo to a re-isre- rrogra.-rr-acie cv --e l^*' —r- 


. 1 


user[i) 




2 




wwt^ea^gr tn[grrajg Tney allQw ^ sef ce 'r*--' 


3 




- "^'Cit'O" codes tr.at can -:es!ec (.rrs cv-r-ear 
'^0 are <3efined to concrot non-scarcaro "Ccced Siocx 
Par.fifn- processir.5 tcr ixzier.rr.^n:^ 4 cIock ar- 3 :tccx 
macfctiock structurss. 




These s.ts connect cifec::y to me r^u.toan cecccer s 
HCfffrr.an srfor re^tsrer 


5 




6 


M2I 


7 


£jcn 


rhe zirension Dit (for Tokens) 


3 


atkotn 


T>»e Slock Panern Shifter 


9 


M6s:an 


At Stan of a Macroeiock 


10 


Ptcstan 


A! Start of a Ptctu.-e J 


\ \ 


P>«s.an 1 At Stan of a flestart internal | 


:2 


Chngcst 


The -SUck/- Change Oe:eci ct j 


13 


Zero 


ALU zero condition 


14 


Sign 


ALU Sign condition 


■ 5 


j Hard wtred :o ?aise. 



B.2.4.1 Two Wire Interface Control 

The two-wire interface control, in accordance with the 
invention, is a little unusual in this block. There is a 
two-wire interface between the Parser State Machine and the 
Huffman Decoder. This is used to control the progress of 
commands. The Parser State Machine will wait until a given 
command has been accepted before it proceeds to read the 
next command from the ROM. In addition, condition codes 
are fed back through a wire from the ALU. 

Each command has a bit in the microcode ROM that allows 
It to specify that it should wait for feedback. if this 
occurs, then after that instruction has been accepted by 
the Huffman Decoder, no new commands are presented until 



the feedback wire from the ALU becomes asserted. This 
wire, fb_vaiid. indicates that the condition codes 
currently being supplied by the ALU are valid in the sense 
that they reflect the data associated with the command that 
requested the wait for feedback. 

The intended use of the feature, in accordance with the 
present invention, is in constructing conditional jump 
commands tha^ decide the next state to jump to as a result 
of decoding (or processing) a particular piece of data 
Without this facility it would be impossible to test any 
conditions depending upon data in the pipeline since the 
two-wire control means that the time at which a certain 
command reaches a given processing block (i.e., the ALU in 
this case) is uncertain. 

Not all instructions are passed to the Huffman Decoder 
Some instructions may be executed without the need for the 
data pipeline. These tend to be jump instructions. A bit 
in the microcode ROM selects whether or not the instruction 
will be presented to the Huffman Decoder. if not, there is 
no requirement that the Huffman Decoder accept the 
instruction and, therefore, execution can continue in these 
circumstances even if the pipeline is stalled. 
fi.2.4.2 Event Handling 

There are two event bits located in the Parser State 
Machine. One is referred to as the Huffman event and the 
other is referred to as the Parser Event. 

The Parser Event is the simplest of these. The 
"condition" being monitored by this event is simply a bit 
in the microcode ROM. Thus, an instruction may cause a 
Parser Event by setting this bit. Typically, the 
instruction that does • this will write an appropriate 
constant into the rom_control register so that the 
interrupt service routine can determine the cause of the 
interrupt. 

After servicing a Parser Event (or immediately if the 
event is masked out) control resumes at the point where it 
left Off. If the instruction that caused the event has a 



Dump i^nstruction (whose condition evaluates true) then the 
jump is t^aken in the normal manner. Hence, it is possible 
to 3ump to an error handler after servicing by coding the 
j ump . 

A Huffman event is rather different. The condition being 
monitored is the "OR" of the three Huffman Error bits. In 
reality, this condition is handled in a very similar manner 
to the Parser Event. However, an additional wire from the 
Huffman Decoder, huffintrpt, is asserted whenever an error 
occurs.. This causes control to jump to an error handler in 
the microcode program. 

When a Huffman error occurs, therefore, the sequence 
involves generating interrupt and stopping the block. 
After servicing, control is transferred to the error 
handler. There is no "call" mechanism and unlike a normal 
interrupt, it is not possible to return to the point in the 
microcode before the error occurred following error 
handling. 

It is possible for huffintrpt to be asserted without a 
Huffman error being generated. This occurs in the special 
case of a "no-error" error as discussed in Section B.2.2.3. 
In this case, no interrupt (to the microprocessor 
interface) is generated, but control is still passed to the 
error handler (in the microcode). since the Huffman error 
register will be clear in this case, the microcode error 
handler can determine that this is the situation and 
respond accordingly. 
B.2.4.3 Special locations 

There are several special locations in the microcode ROM. 
The first four locations in the ROM are entry points to the 
main program. Control passes to one of these four 
locations on reset. The location jumped to depends upon 
the coding standard selected in the ALU register, 
coding_std. Since this location is itself reset to zero by 
a true reset control passes to location zero. However, it 
is possible to reset the Parser State Machine alone by 
■ng the UPI register bit CED_H_TRACE_RST in CED H TRACE. 
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In this case, the coding_std register .s not reset and 
control passes to the appropriate one of the first four 
locations. 

The second four locations (O x 004 to o x 007) are used 
When a Huffman interrupt taKes place. Typically, a ju.p to 
the actual error handler is placed in each of these 
locations. Again, the choice of location is made as a 
result of the. coding standard. 
B.2.4.4 Tracing 

AS a diagnostic aid, a trace mechanism is implemented. 
Thxs allows the microcode to be single-stepped. The bits 
CED_H_TRACE_EVENT and CED_H_TRACE MASK in the register 
CED_H TRACE control this Ae register 

their names suggest, they 

operate xn a very similar fashion to the normal event bits 
However, because of several differences (in particular no 
^PI interrupt is ever generated, they are not grouped with 
tne other event bits. 



The tracing mechanism is turned on when CED_H TRACE MASK 
xs set to one. After each microcode instructFon is'read 
from the ROM, but before it is presented to the Huffman 
Decoder, a trace event occurs. m this case 

CED_H_TRACE_EVENT becomes one. It .ust be polled because 
no interrupt will be generated. The entire microcode word 
is available in the registers CED_H_KEY_DMX WORD 0 through 

CED_H_KEY DMX WORD 9. The instrur-i- ^ w " 

- - - -^"^ instruction can be modified at 

this time if reauired VrH-i^^ _ 

quirea. writing a one to CED H TRACE EVENT 

causes the instruction to k« ^ ^ ~ ~ 

<-^J.on CO be executed and clears 

CED_H_TRACE EVENT. Shortly aft^r- i-k ■ • 

. - snorniy after this time, when the next 

'"^'^'^ocode word to be eve»f-in-iaH u- 

executed has been read from the ROM, 
a new trace event will occur. 
B.2.5 The Microcode 

The microcode is programmed using an assembler "hpp" 
Which is a very simple tool and much of the abstraction is 

achieved by using a macro preprocesso,- a * ^ ^ .. 

^ "lessor. A standard "C" 
preprocessor "cpp- may be used for this purpose. 
The code is instructed as follows: 

Ucode.u is the main file. First ^h^o , ^ 

^^st:, this includes tokens. h 



to define the tokens. Next, regfile.h defines the ALU 
register map. The fields. u defines the various fields in 
the microcode word, giving a list of defined symbols for 
each possible bit pattern in the field. Next, the labels 
that are used in the code are defined. After this step 
instr.u IS included to define a large number of "cpp" 
macros which define the basic instructions. Then, errors. h 
defines the numbers which define the Parser events. Next, 
unword.u defines the order in which the fields are placed 
to build the microcode word. 

The remainder of ucode.u is the microcode program itself. 
B.2.5.1 The Instructions 

in this section the various instructions defined in 
ucode.u are described. Not all instructions are described 
here since in many cases they are small variations on a 
theme (particularly the ALU instructions). 

Huffman and Indmx i- n Data Tn^truetiona 

In the invention, the H_NOP instruction is used by the 
Huffman Decoder. It is the No-operation instruction. The 
Huffman does nothing in the sense that no data is decoded. 
The data produced by this instruction is always zero. 
Accordingly, the associated instruction is passed onto the 
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The next instructions are the Token groups; H_TOKSRCH 
H_TOKSKIP_PAD, H_TOKSKIP_JPAD , H_TOKPASS and H_TOKREAD. 
These all read a token or tokens from the Input Shifter and 
pass them onto the rest of the machine. •H_TOKREAD reads a 
single token word. H_TOKPASS can be used to read an entire 
token, up to and including, the word with a zero extn bit. 
The associated command is repeated for each word of the 
Token. H_TOKSRCH discards all serial data preceding a 
Token and then reads one token word. H_TOKSKIP_Pad skips 
any padding bits (H.261 and MPEG) and then reads one Token 
word. H_TOKSKIP_JPAD does the same thing for JPEG padding. 
"^fLC(NB) reads a fixed length code of "NB" bits 
H_VLC(TBL) reads a vie using the indicated table (passed 
as mnemonic, e.g., H VLC (tcoef f ) ) . 
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H_FLC_IE(NB) is like H_FLC, but the "ignore errors" bit 
is set. * 

H_TEST_VLC(TBL) is like H_VLC, but the bypass bit is set 
so that the Huffman Index is passed through the Index to 
Data Unit unmodified. 

H_FWD_R and H_BWD_R read a FLC of the size indicated by 
the ALU registers r_fwd_r_size and r_bwd_r_s ize , 
respectively . 

H_DCJ reads JPEG style DC coefficients, the table number 
from the ALU. 

H_DCH reads a H.261 DC term. 

H_TCOEFF and H_DCTCOEFF read transform coefficients. In 
H_DCTCOEFF, the first coeff bit is set and is for non-intra 
blocks. Whilst H_TCOEFF is for intra blocks after the DC 
term has already been read. 

H_NOMINATE(TBL) nominates a table for subsequent 

download. 

H_DNL(NB) reads NB bits and downloads them into the 
nominated table. 
B. 2.5. 1. 2 ALU Instructions 

There really are too many ALU instructions to explain 
them all in detail. The basic way in which the Mnemonics 
are constructed is discussed and this should make the 
instructions readable. Furthermore, these should readily 
be understandable to one of ordinary skill in the art. 

Most of the ALU instructions are concerned with moving 
data from place to place and, therefore, a generic "load" 
instruction is used. in the Mnemonic, A_LDxy, it is 
understood that the contents of y are loaded into x., i.e., 
the destination is listed first and the source second: 



e B.2.10 Letters used to denote possible 
sources and destinations of data 
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j Mear.ing 
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A regiSJer 
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Run re^isier 
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Oau Incut 
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Data Outcut 
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ALU regtsier File 
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Constant 
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Constant of zero 



By way of example, LDAI loads the A register with the 
data from the data input port of the ALU. If the ALU 
register file is specified, the mnemonic will take an 
address so that LDAF(RA) loads A with the contents of 
location RA in the register file. 

The ALU has the ability to modify data as it is moved 
from source to destination. In this case, the arithmetic 
is indicated as part of the source data. Accordingly, the 
Mnemonic LDA_AADDF (RA) loads A with the existing contents 
of the A register plus the contents of the indicated 
location in the register file. Another example is 
LDA_ISGXR. which takes the input data, sign extends from 
the bit indicated in the RUN register, and stores the 
result in the A register. 

In many cases, more than one destination for the same 
result is specified. Again, by way of example, 

LDF_LDA_ASUBC(RA) which loads the result of A minus a 
constant into both the A register and the register file. 

Other mnemonics exist for specific actions. For example, 
"CLRA" is used for clearing the A register, "RMBC" to reset 



the macroblock counter. These are f=i,-,„ w • 

.— - luese are fairly obvious and are 

described in comments in instr.u. 

one anomaly is the use of a suffix "_0" to indicate that 
the result of the operation is output to the Token 
formatter in addition to the normal action. Thus 
_LDFI_0(RA) stores the input data and also passes it to the 
token formatter. Alternatively, this could have been 
LDF_LDO_I(RA) if desired. 

^•2.5.1.3 Token Fo rmatter T nstruet i r».o 

This is the T_NOP "No-operation" instruction. This is 
really a misnomer as it is impossible to construct a no- 
operation instruction. However, this is used whenever the 
instruction is of no consequence because the ALU does not 
output to the Token Formatter. 
T-TOK output a Token word. 

T_DAT output a DATA Token word (used only with the 
Huffman State Machine instructions) . 

T-GENT8 generates a token word based on the 8 bits of 
constant field, 

T_GENT8E like T_GENT8 , but the extension bit is one 
T_OPD(NB) NB bits of data from the bottom NB bits of the 

output with the remainder of the bits coming from the 

constant field. 

T_OPDE(MB, like T_OPD. but the extension bit is high. 

T_OPD8 short-hand for T_0PD(8) 

T_OPD8E short-hand for T_0PDE(8) 
B. 2. 5. 1.4 Parser state Maeh^'n, T natrT^^i-,- on^ 

This instruction. D_NOP No-operation, i.e., the address 
increments as normal and the Parser State Machine does 
nothing special. The Remainder of the instruction is 
passed to the data pipeline. No waiting occurs. 

D.WAIT is like D_NOP, but waits for feedback to occur. 

The simple jump group. Mnemonics like D JMP(ADDR) and 
0_^"X(ADOR) 3ump if the condition is met. The instruction 
is not output to the Huffman Decoder. 

The external jump group. Mnemonics like D_XJMP(ADDR) and 
D_XJNX(ADDR,. these are like their simple counterparts 



above,^but the instruction is output to the Huffman 
Decoder. 

The jump and wait group. Mnemonics like D_wjnz ( ADDR) . 
These instructions are output to the Huffman Decoder and 
the Parser waits for feedback from the ALU before 
evaluating the condition. 

The following Mnemonics are used for the conditions 
themselves. 

Table B.2.11 Mnemonics used for the conditions 
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D_EV_ENT causes generation of an event 

D.DFLT for construction of a default instruction This 
es - eve t , ^^^^^^^^ ^^^^ J 

n ar. --er .e execute, since 



location is trapped " ' '""^ " " 

D ERi^OR causes an event and then ju.ps to a label 

srch.d.spatch.. which is assumed to attempt recovery fro™ 

the error. 



SECTION B.3 HUFFMAN DECODER ALU 
B.3.1 iBtroduetioa 

The Huffman Decoder ALU sub-block, in accordance with the 
present invention, provides general arithmetic and logical 
functionality for the Huffman Decoder block. It has the 
ability to do add and subtract operations, various types of 
sign-extend operations, and formatting of the input data 
into run-sign-level triples. it also has a flexible 
structure whose precise operation and configuration are 
specified by a microinstruction word which arrives at the 
ALU synchronously with the input data, i.e., under the 
control of the two-wire interface. 

In addition to the 3 6-bit instruction and 12 -bit data 
input ports, the ALU has a 6-bit run port, and an 8 -bit 
constant port (which actually resides on the token bus). 
All of these, with the exception of the microinstruction 
word, drive buses of their respective widths through the 
ALU datapath. There is a single bit within the 

microinstruction word which represents an extension bit and 
is output together with the 17-bit-run-sign-level 
(out_data) . There is a two-wire interface at each end of 
the ALU datapath, and a set of condition codes which are 
output together with their own valid signal, cc_ valid. 
There is a register file which is accessible to other 
Huffman Decoder sub-blocks via the ALU, and also to the 
microprocessor interface. 
B.3. 2. 2 Basic Structure 

The basic structure of the Huffman ALU is as shown in 
Figure 126. It comprises the following components: 
Input block 400 
Output block 401 
Condition Codes block 4 02 

"A" register 403 with source multiplexing 
Run register (6 bits) 404 with source multiplexing 
Adder/Subtractor 4 05 with source multiplexing 
Sign Extend logic 4 06 with source multiplexing 
Register file 407 
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Each_of these blocks (except the output block> dri. 
output onto A. K.,^ - DiocK) drives its 

put onto a bus running through the datan«.-K 
buses are in r„,.„ ^ datapath, and these 

^re, in turn, used as inputs to the muifi,.i 
block sources For- o^. , *^ ° '^"^ multiplexing for 

register. u:::: /\::V°^ po.si.le Up..s .0 , 

' ^ ^ register has its own bus whinh 

or„s one o. the possible inputs to the ad^er. Onl/a u- 
sec Of an possibilities exist in this respect as 
specified in Section 7 on the microinstruction word 
add . ' T""'" POssMe to execute either an 

dd based instruction or a sign-extend-based instruction 

sin'le ; " ^''^^'^'^ ^° ^^^^"^^ these in a 

para el' : 'T'"^' ^'^^ ^^^^^ -rictl, 

extend h J ^^^^ - -i^n 

ex end then add sequences are not allowed. The register 
file .ay be either read from or written to in a linole 
cycle, but not both. o in a single 

The output data has three fields: 
• run - 6 bits 

sign - 1 bit 

level - 10 bits 
If data is to be passed straight through the ALU the 

latlhed"'": " "''^ ^"^"^ "-i"e re 

latched into the sign and level fields 

:^ . ^ regard, the number of cycles required 

whos. address .s specified in .h. mcroinstructicn. and the 

cou„\,Tr"°" "^'"-^^ "Mle en iteration 

counter decrements to one. This facility is typically used 
to effect left shifts, usin, the adder to add the A 

B.3.3 The Adder/subtractor Sub-Block 

This is a l2-bit wide adder with • 
incut? ;.nH , optional invert on its 

input2 and optional setting of the cart-v i w 
a 12 hi ^ ^ <=arry-in bit. output is 

a 12 bit sum, and carry-out is not used Th^^^ , ^ 

-aea. There are 7 modes 



455 

of operation: 

•ADD: add with carry in set to zero: input! + input2 
•ADC: add with carry in set to one: inputl + input2+l 
•SBC: invert input2, carry in set to zero: inputl - 
input2 - 1 

•SUB: invert input2, carry in set to one: inputl - 
input2 

•TCI: if input2<0, use SUB, else use ADD. This is 
used with inputl set to zero for obtaining a magnitude 
value from a two's compliment value. 

DCD (DC difference): if input2<0 do ADC, otherwise do 
ADD. 

VRA (vector residual add): if inputKO do ADC, 
otherwise do SBC. 
B.3.4 The Sign Extend Sub-Block 

This is a 12-bit unit which sign extends, in various 
modes, the input data from the size input. Size is a 4 bit 
value ranging from 0 to li (o relates to the least 
significant bit, ll to the most significant). Output is a 
12 bit modified data value, and the "sign" bit 

in SGXMODE=N0RMAL, all bits above (and including) the 
size-th bit, take the value of the size-th bit. All those 
below remain unchanged. sign takes the value of the size- 
th bit. For example: 
data = 1010 1010 1010 
size = 2 

output = 0000 0000 0010, sign=0 

in SGXMOD=INVERSE, all bits above (and including) the 
size-th bit, take the inverse of the size-th bit, while all 
those below remain unchanged. sign takes the inverse of 
the size-th bit. For example: 

data = 1010 1010 1010 

size = 0 

output = 1111 1111 1111, sign = i 

In SGXMODE=DIFMAG, if the size-th bit is zero, all the 
bits below (and including) the size-th bit are inverted, 
while all those above remain unchanged. If the size-th bit 
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ll^iriJ'' unchanged. in both cases, sign 

takes the inverse of the siee-th bit. This is used for 
obtaxn.ng the magnitude of AC difference values For 
example: ^ 

data = 0000 lOlO 1010 
size =2 

output = 0000 1010 1101, sign = 1 

data = 0000 1010 loio 
size =1 

output = 0000 1010 1010, sign = 0 
^ in SGXM0DE=DIFCOMP, all bits above (but not including, 
the sxze-th bit, take the inverse of the size-th bit, while 
all those below (and including, remain unchanged. sign 
takes the inverse of the size-th bit. This is used for 
obtainxng two's compliment values for DC difference values 
For example: 

data = 1010 1010 1010 
size = 0 

output = 1111 1111 1110, sign = i 
B.3.5 Condition Codes 

There are two bytes (16 bits, of condition codes used by 
the Huffman block, certain bits of which are generated by 

the ALU/register file. Thes*. r-- ■ 

the Sign condition code, 

the zero condition code, the Extension condition code and 
a Change Detect bit. The last two of these codes are not 

really condition codes since r^^., 

since they are not used by the 

Parser in the same way as the others. 

The Sign, Zero and Extension condition codes are updated 
When the Parser issues an instruction to do so, and for 
each. Of these instructions the condition code valid signal 
IS pulsed high once. 

The Sign condition code is simply the sign extend sign 
output latched, while the Zero condition code is set to 1 
if the input to the A register is zero. The Extension 

condition code is the i nnm- « 

tne input extension bit latched 

regardless of OUTSRC. 



condition codes may be used to evaluate certain condition 
types : 

•result equals constant - use subtract and Zero 
cond i t ion 

•result equals register value - use subtract and 
Zero condition 

•register equals constant - use subtract and Zero 
condition . 

•register bit set - use sign extend and Sign condition 
• result bit set - use sign extend and Sign condition 
Note that when using the sign extend and Sign condition 
code combination, it is possible only to evaluate a single 
specified bit, rather than multiple bits as would be the 
case with a conventional logical AND. 

The Change Detect bit, in the present invention, is 
generated using the same logic as for the Zero condition 
code, but it does not have an associated valid signal. A 
bit in the microinstruction indicates that the Change 
Detect bit Should be updated if the value currently being 
written to the register file is different from that already 
present (meaning that two clock cycles are necessary, first 
with REG-MODE set to READ and second with REGMODE set to 
WRITE). A microprocessor interrupt can then be initiated 
if a changed value is detected. The Change Detect bit is 
reset by activating Change Detect in the normal way, but 
with REGMODE set to READ. 

The hardwired macroblock counter structure (which forms 
part of the register file- see below) also generates 
condition codes as follows: Mb_start, Pattern_Code, Restart 
and Pic_Start. 
B.3.6 The Register File 

The address map for the register file is shown below, it 
uses a 7-bit address space, which is common to both the ALU 
datapath and the UPI . A number of locations are not 
accessed by the ALU, these typically being counters in the 
hardwired macroblock structure, and registers within the 
ALU itself. The latter have dedicated access, but for::> 
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part of ^the address map for the UPI . some multi-byte 
locations (denoted in the table by "O" for oversize) have 
a single ALU address, but multiple uPI addresses. 
Similarly, groups of registers which are indexed by the 
component count, CC (Indicated by I" in the table) are 
treated as a single location by the ALU. This eases 
microprogramming for initialization and resetting, and also 
for block-level operations. 

All of the locations, except the dedicated ALU registers 
(UPI read only), are read/write, and all of the counters 
are reset to zero by a bit in the instruction word. The 
pattern code register has a right shift capability, its 
least significant bit forming the Pattern_Code condition 
bit. All registers in the hardwired macroblock structure 
are denoted in the table by "M", and those which are also 
counters (n-bit) are annotated with Cn. 

In the present invention, certain locations have their 
contents hardwired to other parts of the Huffman sub- 
system-coding standard, two r-size locations, and a single 
location {2-bit word) for each of ac huff table and dc huff 
table to the Huffman Decoder. 

Addresses in bold indicate that locations are accessible 
by both the ALU and the UPI, otherwise they have UPI access 
only. Groups of registers that are undirected through CC 
by the ALU can have a single ALU address specified in the 
instruction word and CC will select which physical location 
in the group to access. The ALU address may be that of any 
of the registers in the group, though conventionally, the 
address of the first should be used. This is also the case 
for multi-byte locations which should be accessed using the 
lowest address of the pair, although in practice, either 
address will suffice. Note that locations 2E and 2F are 
accessible in the top-level address map (denoted "T"), 
i.e., not only through the keyhole registers. These two 
locations are also reset to zero. 

The register file is physically partitioned into four 
"banks" to improve access speed, but this does not .affect 
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the addressing in any way. The main table shows 
allocations for MPEG, and the tUo' repeated sections give 
the variations for JPEG and H.261 respectively. 
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Table B.3.1 Table i: Huffman Register File Address 
JPEG Variations: 
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Table B.3.2 JPEG Variations 
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Table B.3.3 H.261 Variations 



B.3.7 The Microinstruction Word 

The ALU microinstruction word, in accordance with the 
present invention, is split into a number of fields, each 
controlling a different aspect of the structure described 
above. The total number of bits used in the instruction 
word is 36. (plus 1 for the extension bit input) and a 
minimum of encoding across fields has been adopted so that 
maximum flexibility of hardware configuration is 
maintained. The instruction word is partitioned as 
detailed below. The default field values, that is, those 
which do not alter the state of the ALU or register file, 
are those given in the italics. 
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Field 
OUTSRC 



Value 
RSA6 



Description 

run. sign. A register as 6 bits 



I Bits 
I COW 



zero. zero. A register 



ICOOl 



zero. zero. A register Is 8 bits 



0010 



run. sign and 
level output) 



ZZADDU4 [ zero, zero, adder o/p ms 4 bits 



ZItN'PUT I zero, input data 



001 



lOlli I 



run, sign, sign extend o/p' 



RSADD 
RZADD 
RIZADD 
ZSADD 
ZZADD 
NONE 
00-7F 



run, sign, adder o/p 
run, zero, adder o/p 
input run, zero, adder output 
zero, sign, adder o/p 
zero, zero, adder o/p 
no valid output - out.va lid set to zero 
register file address for ALU access 



lOCO 
1001 

lOiO 
101 1 
1 1 XX 
7 bits 



ADD 



drive adder o/p onto register file i/p 



REGMODE 



sex 

READ 



drive sign extend o/p ont o register r~ile i/p 
read from register file 



1 

o" 



WRITE 
TEST 



wnte to register file 



update change detect if REGMODE is 
WRITE 



i.cr.ange 
ditect) 



HOLD 
I CLEAR 



[do not update ch ange detect bit 
I reset change detect if REGMODE is READ I 



1 

o" 



Tabl B.3.4 Table 2: Huffman ALD 
microinstruction fields 



465 



J.' 



H 

last:: 

( ■■ 

Uiii 



RUNSRC 
(pjn source) 
RUNMODE 


RUNIN 

""add " 

LOAD 


wi»i luu up unio run resister i/p 

«ti w uuuci o/p onto run register i/p 

U odace ru nrpoicf*r " 


1 i 
1 0 


1 

ASRC 


HOLD 
ADD 


WW iiwt upuutc run rcsiscer 

wn w uuuci u/p onto /\ register i/p 


1 1 

1 00 


(A rcgiscer 


INPUT 


vjiiTc uipui aata onto A register i/p 


1 0! 


source) 


SGX 


uii>c iign catena o/p onto A register i/p 


1 '0 




REG 


uwvc register rue o/p onto A register i/p 


1 ' ' 


A.MUut [LOAD 




1 0 1 




HOLD 


uui upuutc A register 


( 1 


5GXM0DE 


NORMAL 


Sign cxicna witn sign 


1 00 


(sign extend 


INVERSE 


Sign cxtcna wun —sign 


1 


mode - see 


DIFMAG 


uivcn lower ous if sign bu is 0 


1 '0 


section 4) 


DFCOMP 


sign extend with -sign from next bit up 


1 ' ' 


SI2ESRC 


CONST 


dnvc const, i/p onto sign extend size i/p 


1 00 


(source for 


A 


dnve A register onto sign extend size i/p 


01 


sign extend 


REG 


drive rcg.fUe o/p onto sign extend size i/p 


10 


size input) 


RUN 


drive run rcg. onto sign extend size i/p 


1 1 


SGXSRC 


INPUT 


dnvc input data onto sign extend data i/p 


1 0 


(sgx input) 


A 


drive A register onto sign extend data i/p 


1 ' 


ADDMODE 


ADD 


input 1 + input2 


1 000 


(adder mode 


ADC 


inputl + input2 + 1 


1 001 


see sect. 3) 


SBC 


inputl - input2 - I 


I 010 




SUB 


input I - input2 


1 oil 




TCI 


ouo ir inputs <u. else ADD - 2*s comp. 


lOO 




DCD 


aD^. ir input2<0, else ADD - DC diff 


101 




VRA 


ADC if input l<0. else SBC-vec resid add 


1 10 


ADDSRCl 


A 


drive A register onto adder input i 


00 j 


(source for 


REG ( 


dnve register file o/p onto adder i/pl 


01 


adder i/p 1 - 


INPUT ( 


Irive input data onto adder input 1 | 


10 


non-invcn) ; 


ZERO ( 


Irive zero onto adder input 1 


1 1 


ADDSRC2 < 


ZONST c 


Irive constant i/p onto adder input'? | 


00 


(source for / 


^ c 


Irive A register onto adder input2 | 


01 1 


mvening [ 


NPUT c 


irive input data onto adder inpuL2 


10 1 


input) f 


l£G 0 


Irive register file o/p onto adder i/'p2 


" i 


CNDC- 1 
MODE 


rEST u 


pdaie condition codes 


0 j 
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(cond. codes) 


HOLD 


do not update condition codes . ) i 


CNTMODE 


NOCOUNT 


do not increment counters 


xoo 


(mbstructure 


BCINCR 


mcrement block counter and ripple 


001 


count mode) 


CCINCR 


fores the component count to incr 


010 




[reset 


reset all counters in mb structure 


01 1 




DISABLE 


disable all counters 


I XX 


INSTMODE 


MULTI Iterate current instr multi times 


0 




SINGLE 1 single cycle insinjction onlv 


1 



e 2: Huffman ALU microinstructi 
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SECTION B,4 BufTer Manager 
B.4.1 latroduetion 

This document describes the purpose, actions and 
implementation of the Buffer Manager, in accordance with 
^the present invention (bcn«n) . 
B.4«2 Overview 

The buffer manager provides four addresses for the DRAM 
interface. These addresses are page addresses in the DRAM, 
The DRAM interface maintains two FIFOs in the DRAM, the 
Coded Data Buffer and the Token Data Buffer. Hence, for 
the four addresses, there is a read and a Write address for 
each buffer. 
B.4.3 Interfaces 

The Buffer Manager is connected only to the DRAM 
interface and to the microprocessor. The microprocessor 
need only be used for setting up the "Initialization 
registers" shown in Table B.4.4. The interface with the 
DRAM interface is the four eighteen bit addresses 
controlled by a REQuest/ACKnowledge protocol for each 
address. (Since the Buffer Manager is not in the datapath, 
the Buffer Manager lacks a two-wire interface.) 

Furthermore, the Buffer Manager operates off the DRAM 
interface clock generator and on the DRAM interface scan 
chain. 

B.4.4 Address Calculation 

The read and write addresses for each buffer are 
generated from 9 eighteen bit registers :- 

Initialization registers (RW from microprocessor) 
" BASECB - base address of coded data buffer 
-LENGTHCB - maximum size (in pages of coded data 
buffer 

• BASETB - base address of token data buffer 
LENGTHTB - maximum size (in pages) of token data 
buffer 

•LIMIT - size (in pages) of the DRAM. 

Dynamic registers (RO from microprocessor) 

• READCB - coded data buffer read pointer relative to 
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BASECB 

• KUMBERCB - coded data buffer write pointer relative 
to READCB 

• READTB - token data buffer read pointer relative to 
BASETB 

• NUMBERTB - token data buffer write pointer relative 
to READTB 

To calculate addresses:- 

readaddr = (BASE + READ) mod LIMIT 

writeaddr = (((READ + NUMBER) mod LENGTH) + BASE) mod 
LIMIT 

The "mod LIMIT** term is used because a buffer nay wrap 
around DRAM. 

B.4.5 Block Description 

In the present invention, and as shown in Figure 127, the 
Buffer Manager is composed of three top level modules 
connected in a ring which snooper monitors the DRAM 
interface connection. The modules are bMprtis« (prioritize) , 
bainstr (instruction), and bar^caic (recalculate) are arranged 
in a ring of that order and oMooop (snoopers) is arranged 
on the address outputs. The module , teprtisa , deals with the 
REQ/ACK protocol, the FULL/EMPTY flags for the buffers and 
it maintains the state of each address, i.e., "is it a 
valid address?". From this information, it dictates to 
bainstr which (if any) address should be recalculated. It 
also operates the BUF_CSR (status) microprocessor register, 
showing FULL/EMPTY flags, and the buf_access microprocessor 
register, controlling microprocessor write access to the 
buffer manager registers. 

The module, Bainstr, on being told by baprtix* to calculate 
an address, issues six instructions (one every two cycles) 
to control bar^caic to calculating an address. 

The module, Bar«caic, recalculates the addresses under the 
instruction of bainstr. Running an instruction every two 
cycles, it contains all of the initialization and dynamic 
registers, and a simple ALU capable of addition, 
subtraction and modulus. It informs sbapirtis« of FULL/ EMPTY 



states it detects and when it has finished calculating an 
address. • • 

B.4.6 BlocX. Implementation 
B.4.6.1 Bmprtize 

At reset, the buf_access microprocessor register is set 
to one to allow the setting up of the initialization 
registers. While buf_access reads back one, no address 
calculations are initiated because they are meaningless 
without valid initialization registers. 

Once buf_access is de-asserted (write zero to it) b-prtize 
goes about making all the addresses valid (by recalculating 
them) since its purpose is to keep all four addresses 
valid. At this stage, the Buffer Manager is "starting up" 
(i.e., all addresses have not yet been calculated), thus, 
no requests are asserted. once all addresses have become 
valid start-up ends and all requests are asserted. From 
this point forward, when an address becomes invalid 
(because it has been used and acknowledged) it will be 
recalculated. 

No prioritizing between addresses will ever need to be 
performed, because the DRAM interface can, at its fastest, 
use an address every seventeen cycles, while the Buffer 
Manager can recalculate an address every twelve cycles. 
Therefore, only one address will ever be invalid at one 
time after start-up. Accordingly, b.prti,. will recalculate 
any invalid address that is not currently being calculated. 

In the invention, start-up will be re-entered whenever 
buf_access is asserted and, therefore, no addresses will be 
supplied to the DRAM interface during microprocessor 
accesses . 
B.4.6. 2 Bfflinstr 

The module, B»in,tr, contains a MOD 12 cycle counter (the 
number of cycle it takes to generate an address). Note 
that even cycles start an instruction, whereas odd cycles 
end an instruction. The top 3 bits along with whether it 
IS a read or a write calculation are decoded into 
instructions for bmrecalc as follows: 



For 



read 



addresses : 



470 




Cycle 


Op«raoon 


au5A 


Base 


Result 


Meaning c/ 
resL'U's sign 


0-1 


I AOO 


NUMBER 


1 READ 


1 i 


2-3 


MOO 


Accum 


LIMIT 


1 i 


4.5 


AOO 


Accum 


BASE 


1 ! 


6-7 


MOO 


Accum 


UMIT 


Ad(-/e« 1 1 
1 [ 


8-9 


AOO 


NUMSSa 




NUMBER 1 1 




MOO 


Accum - 


LENGTH 




SET.rULL 
(NUMBER 

! 

! 

LENGTH) I 



Table B. 4-. 2 For write address calculati 
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Note: The result of the last operation is always held in 
the accumulator. 
When there is no addresses to be recalculated, the cycle 
counter idles at zero, thus causing an instruction that 
writes to none of the registers. This has no affect. 
B.4.6.3 Bmrecalc 

The module, Bmrecalc, performs one operation every two 
clock cycles. it latches m the instruction from b„xastr 
(and which buffer and io type) on an even counter cycle 
(start_alu_cyc) , and latches the result of the operation on 
an odd counter cycle (end_alu_cyc) . The result of the 
operation is always stored in the "Accum" register in 
addition to any registers specified by the instruction. 
Also, on end_alu_cyc, bmrecalc informs baprtiie as to whether 
the use of the address just calculated will make the buffer 
full or empty, and when the address and full/empty has been 
successfully calculated {load_addr). 

Full/empty are calculated using the sign bit of the 
operation's result. 

The modulus operation is not a true modulus, but A mod B 
is implemented as: 
(A>B? (A-B) : A) 

however this is only wrong when 
A> (28-1) 

which will never occur. 
B . 4 . 6 . 4 Bmsnoop 

The module. B.snoop, is composed of four eighteen bit 
super snoopers that monitor the addresses supplied to the 
DRAM interface. The snooper must be "super" (i.e., can be 
accessed with the clocks running) to allow on chip testing 
of. the external DRAM. ■ These snoopers must work on a 
REQ/ACK system and are. therefore, different to any other 
on the device. 

REQ/ACK is used on this interface, as opposed to a two- 
•-'ire protocol because it is essential to transmit 
infor.-nation (i.e., acknowledges) back to the sender which 
an accept win not do). Hence, this rigorously monitors 
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the FIFO pointers. 
B.4.7 Registers 

To gain microprocessor write access to the initialization 
registers, a one should be written to buf_access, and 
access will be given when buf_access reads back one. 
Conversely, co give up microprocessor write access, zero 
should be written to buf_access. Access will be given when 
buf_access reads back zero. Note that buf_access is reset 
to one. 

The dynamic and initialization registers of the present 
invention may be read at any time, however, to ensure that 
the dynamic registers are not changing the microprocessor, 
write access must be gained. 

It is intended that the initialization registers be 
written to only once. Re-writing them may cause the 
buffers to operate incorrectly. However, it is envisioned 
to increase the buffer length on-the-fly and to have the 
buffer manager use the new length when appropriate. 

No check is ever made to see that the values in the 
initialization registers are sensible, e.g., that the 
buffers do not overlap. This is the user's responsibility. 




Where D indicates a registers bi^ ^ ^ 

bit. agisters bit and x shows no register 



KeyficXa Re^ist^r Name 



CE0.9uP.Ca.BASE.3 



C£0.8UF.C8.BASE_2 



CeO.BUF.CB.SASE.I 



CeD,8UP,CB_BASE.O 



Ce0.8UF,C8.LENGTH.3 



CEO,3UF.CB,LENGTH_2 



CcD.SUP.CB.LENGTH.l 



CED.9UF,Ca_LENGTH 0 



Cc0.9UF_CB.REA0.3 



CcD.9UF_C8.REAO_2 



CH^.S'Jr.CS.REAO, 



CcO,3Ur_CB.REAO.O 
CSC_3UF,C9_NUM8£R.3 



Usage 



ooooooco 



ooooocoo 



00000000 



00000000 



xxxxxxDD 



ooooocoo 



OCDOOOCO 



Key hole Address 



0x00 



0x01 



0x02 



0x03 



0x04 



0x05 



0x06 



0x07 



0x06 



0x09 



OxOa 



OxOb 



OxOc 



Table B.4.4 Registers in buffer 



manager keyh le 
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m 
m 

O 



Keyhole fle^isrer Name 


Usage 


1 Key "^ote Accrcis 




CcC.SUF_C3_NUWa£R.2 


1 XXXXXX33 


OxOd 1 


CcO,9UF_CB_NUM8£?^.t 




OzOe 1 


CeO.SUF.CB_NUMB=,=^_0 




OxOt j 


[ C£0_9UP.TB,BASc,3 


1 xxxxxxxx 


0x10 


CcO,9UP,T3,BASc,2 


xxxxxxOD 


0x1 1 


CcD_SUP.TB,3ASc,l 




0x12 




CcO_3UP,TB.BASc_0 




0x13 




CiD_3UF.T3_LENGTH_3 


XXXXJCXXX 


OxM 1 


CEO_3UF,TB.LENGTH_2 


- xxxxxxOO 


0x15 ! 


C£D_9UF.T3_L£NGTH.i 




0x16 j 


CHO^euF.TB.LENGTH.O 


00C3C0O0 


0x17 j 


CE0.aUF_T3_REA0_3 


XXXXXXXJC 


0x18 j 


CEO_3UF.TB.REAO_2 


XXXXXJCC 0 


0x19 j 


C c O.BU F.T3.REA0_ t 


DCZZDZOD 


Oxia 1 


C£O_3UF.TB.R£AO,0 


rsoocooo 


Oxlb 1 


CcO_BUF.TB.NUMBER_3 


XXXXXXXJC 


Oxic 




C£0.8UF.TB.NUM8ER_2 


xxxxxxOD 


Oxld 


1 


CcO.SUF.TB.NUMBER.l 




Oxie 


1 


Cc O.BUF.TB.NUMB ER.O 


DC000030 


OxW 


1 


CEO,8UF.UMIT.3 


XXXJOCXXX 


0x20 




CE0_BUF.UMiT.2 


xxxjocxOO 1 


0x21 




CED.BUF.UMlT.l 


OOCOOOOO 


0x22 




CEO.BUF.UMIT.O 


09030=00 


0X23 




CED.aUF.CSR 




0x24 1 





Table B.4.A Registers in buffer manager keyhole 

B.4.8 Verification 

Verification was conducted in Lsim with small FIFO's onto 
a dumniy DRAM interface, and in c-code as part of the top 
level chip simulation. 




m 
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B.4,9 Testing 

Test coverage to the b..n is through the snoopers in 
b«aoop, the dynamic registers (shown in B.4.4) and using the 
scan chain which is part of the DRAM interface scan chain 



SI 



m 
ui 



SECTION B.S Inverse Modeler 

^•5.1 Introduction 

This document describes the o 
iniplementation of the m Purpose, actions and 

invention. '"^ ' --"^dance with the present 

Note: 



IS. therefore betr., it 
1° B.s.a overview ■'"--"'^ in this section. 

The Token buffer t^n^^u • 
contain a .re": dea;r. ^atrtr. 
ensure that efficient use is Th °"-chip DRAM, to 

must be in a 16 bit format -r. °^ ""^^^ n-emory. the data 
- -™ the Huffman Oecode. intrtr^"^ 

buffer. subsequently, the Inv. " 

from the Token buffer format "unpacks" data 

However, the inverse Modeller's main . 
expanding out of "run/ level " co/ • ^""^^ion is the 

- -nowed by a level. J^tio ^/^he^ T ^^^^ 
ensures that DATA tokens have at A . Modeller 
it provides a "gate" for sJ! ' -efficients and 

-t their start-up criteria ^^^^ "°t 

B-5.3 Interfaces 
5' B.5.3.1 Hsppk 

In the present invention a.n^u h 
- input and the Token buffer as 

^" Of the two-Wire type th interfaces 
port, the output being X6 bit "packed''!'? ' 
-^nal. in addition, „sppk i//'!' ^^"^ ^ 

Clock, generator and, thus ■ c«n Huffman 
Chain. ' <=°""ected to the Huffman scan 

B-S.3.2 Imodel 

i-«dei has the Token buffer starr 
^''".^) as inputs and the Inverll o" ^"'^ = 

Input from the Token buffer is i. k- " 
block_end Signal, from the ..o,x 3 "^'"'^^ 

91 IS one wirestream_enable. 



output is an 11 bit token port All in^ . 

r:r::ri:r ::: -r- 

own Clock generator and scan chain 
Both blocks have microprocessor access only to the 
= snoopers at their outputs. 
B.5,4 Block description 
B.5.4.1 Hsppk 

outputs itT. " 

into 1=^; ; truncating or splittin, the input data 
in = i ..t words, and second by pacing these words into 

a 16 bit format. 
B.5,4. 1,1 splii-i-in^ 

Hsppk receives 17 bit data frr^^ 
This data ^ Inverse Huffman. 

bit""!"- 'e;ctr.'''" ' - - - 

X = do„:t care ™" -t.' 

FLLLLLLLLLLLFormat 0 
ELLLLLLLLLLLFormat Oa 
FRRRRRRooooOFormat i 

torT'' """"^ ^i". "avin, the 

ExxxxxxLLLLLLLLLLL 
This is truncated to format Oa 
However, DATA tokens have a run anH . i 

the form: ' ^" in 

ERRRRRRLLLLLLLLLLL . 
This is broken in to the formats: 

ERRRRRPLLLLLLLLLLL->FRJ?RRRR00000Format 1 
ELLLLLLLLLLLFormat Oa 

Or if the run is zero format o is used- 

EOOOOOOLLLLLLLLLLL->FLLLLLLLLLLLFormat'o 

It can be seen that in the format o i-h« 
lo«=i- ^ ormat o,the extension bit is 

lost and assuned to be one. Therefore, it cannot be used 
"here the extension is zero. i„ this case, format 1 is 
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unconditionally used . 

After splitting, all data words are 12 bits wide. Every 
four 12 bit words are "packed" into three 16 bit words: 



Input wofds 



Output words 



ooooooooooco 1 OOOOOOOOOCCCllll 


llllllllllll 




222222222222 


2222333333333333 


333333333333 





Table B.S.l Packing method 

B. 5. 4. 1.3 Flushing of tha buffer 

The DRAW interface of the present invention collects a 
block, 32 sixteen bit "packed" words, before writing them 
to the buffer. This implies that data can get stuck in the 
DRAM interface at the end of a stream, if the block is only 
partially complete. Therefore a flushing mechanism is 
required. Accordingly, .H.ppk signals the DRAM interface to 
write it current partially complete block unconditionally. 
B. 5. 4. 2.1 imuo fUnPacker) 

Imup performs three functions: 

4) Unpacking data from its sixteen bit format into 12 

bit words. 



Input words - 


Output words 1 


[ occcocoocoooi::: 


000000000000 


1111111122222222 


iiuiiiiiii: 


2222333333333333 


222222222222 



333333333333 



Table B.S.2 UnpacJcing math d 



5)Maint:aining correct data during flushing of the 
Token buffer. • * 

When the DRAM interface flushes, by unconditionally 
writing the current partially complete block, rubbish data 
remains in the block. The imup must delete rubbish data, 
i.e., delete all data from a FLUSH token, until the end of 
a block. 

6) Holding back data until Start-up Criteria are met. 

Output of data from the block is conditional that a 
"valid" (stream_enable) is accepted from the Buffer Start- 
up for each different stream. Consequently, twelve bit 
data is output to bsppk. 
B,5>4,2>2 imex (EXoander) 

In the invention, laex expands out all run length codes 
into runs of zeros followed by a level. 
B>5.4.2>3 Inoad (PADder) 

ifflpad ensures that all DATA Token bodies contain 64 (or 
more) words. It does this by padding the last word of the 
Token with zeros. DATA Tokens are not checked for having 
over 64 words in the body, 
B.5.5 Block implementation 
B.5.5.1 HsppX 

Typically, both the Splitting and packing is done in a 
single cycle. 
B . 5 , 5 > 1> 1 Splitting 

First, the format must be determined 
IF (datatoken) 

IF (lastformat l) use format Oa; 
ELSE IF (run 0) use format 0; 

ELSE use format i; 
ELSE use format Oa ; 
and format bit determined 
format 0 format bit = 0; 
format Oa format bit = extension bit; 
format i format bit = 1; 

If format 1 is used, no new data should be accepted in 
th^ next cycle because the level of the code has yet to be 
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output . 

B. 5. 5. 1 .2 PaekST^ry 

The packing procedure cycles every four valid data 
inputs. The sixteen bit word output is formed from the 
last valid word, which is held, and the succeeding word 
If this IS not valid, then the output is not valid. The 
procedure is: 



valid cycle 0 
valid cycle i 



XJ Cx yrTTjoocxxx 
000000000000 



Succeeding Word 

000000000000 
lilllllillll 



Packed Word 



2222 



j don r cuicui 



2»»22»:» I 333333333333 | 22»> 33 3333 3 3 33 > ~t;;Z 



output 



OUtDUt 

ouaul 



Table B,5.3 Packing procedure 

Where x indicates undefined bits. 

During valid cycle 0, no word is output because it is not 
valid , 

The valid cycle number is maintained by a ring counter 
It .s incremented by valid data from the splitter and an 
accepted output. 

When a FLUSH (or picture_end) token is received and the 
token itself is ready to output, a flush signal is also 
output to the DRAM interface to reset the valid cycle to 
zero. If a FLUSH token arrives on anything but cycle 3 
the flush signal must be delayed a valid cycle to ensure 

the token itself it output. 

B.5,5.2 Imodel 

BS.5. 2.1 imup (Unpacker) 

As with the packer, the last valid input is stored, and 

combined with the next input, allows unpacking. 
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I 

vaiic cycle 0 
I valid cycle i 
! valid cycfe 2 



vaitd cyc:e 3 




ooccooooooooiixi 

111UIU32222222 | 3333 33 3 )3333 | 



in out 



Table B.5.4 Unpacking procedure 

Where x indicates undefined bits 

are decoded from the unpacked data 
=r»acbit.is_e«n - (lastfor^at =. i, u datai,ody 

or r"°'' " '^""""^ " '- '3"or.a.... -; 

for token decodin, and to be passed on to 

outpr ti r; in lt-— • - ■ -p=-ea a„d 

until tne Plock end " 

interface. ""'"'^ 

in accordance with the present invention, is , 

state .achine to expand run/level codes out Z I 
nachine is: state 

-stateO: load run count from run code. 

state 1: decrement run count, outputting zeros, 
•state 2: input data and output levels; default state 
• state 3 : illegal state. 

i-P.d is informed of DATA Token headers by i.., ^^^^ 
counts the number of coefficients in the body of the token. 



482 



If the token ends before there are 64 coefficients, zero 
coefficients are inserted at the end of the token to 
complete it to 64 coefficients. For example, unextended 
data headers have 64 zero coefficients inserted after them 
DATA tokens with 64 or more coefficients are not affected 
by impad . 
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B.5.6 Registers 

The i-odei and hsppu of the present invention do not ha 
microprocessor registers, with the exception of the 



snooper . 



Register Name 


Usage 


Address 


CED.M.SNP.2 


VAxxaoooc 


0x49 


CED.H.SNP.t 


DOCDCSCO 


Oz4a 


CED_H,SNP_0 


OOCDCOCO 




CEDJM.SNP.I 


VACocODO 


0x4a 


CED_IM.SNP_0 


ODOOCCCO 


Ox4<j 



Table B.5.5 iBod.l t happK r.gist.rs 



Where v . valid Mt; A = accept Mt; E - extension bit; 

D = data bit, 

B. 5. 7 Verification 

Selected streams run through Lsim simulations. 
B,5»8 Testing 

Test coverage to the i.o<i.i at the input is through the 
Token buffer output snooper, and at the output through the 
i-od.i's own snooper. Logic is covered the i.od.i's own scan 
Chain. 

The output Of the ..ppK is accessible through the huff.an 
output snooper. The logic is visible through the huff.an 
scan chain. 
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SECTION B,6 Buffer SUrt*up 

B • < « X Introduction 

This section describes the method and implementation of 
the buffer start-up in accordance with the present 
invention. 
B*<«2 Overviev 

To ensure that a stream of pictures can be displayed 
smoothly and continuously a certain amount of data must be 
gathered before decoding can start.. This is called the 
start-up condition* The coding standard specifies a VBV 
delay which can be translated, approximately, into the 
amount of data needed to be gathered. It is the purpose of 
the "Buffer Start-up** to ensure that every stream fulfills 
its start-up condition before its data progresses from the 
token buffer, allowing decoding. It is held in the buffers 
by a notional gate (the output gate) at the output of the 
token buffer (i.e. , in the Inverse Modeler) . This gate 
will only be open for the stream once its start-up 
condition has been met. 
B.6.3 Interfaces 

Bscn^bit (Buffer Start-up bit counter) is in the datapath, 
and communicates by two-wire interfaces, and is connected 
to the microprocessor. It also branches with a two-wire 
interface to bsogi (Buffer Start-up Output Gate Logic) . 
Bso9i via a two-wire interface controls laiup (Inverse Modeler 
UnPacker) , which implements the output gate. 
B.6*4 Block Structure 

As shown in Figure 130, Bscntbit lies in the datapath 
between the Start Code Detector and the coded data buffer. 
This single cycle block counts the valid words of data 
leaving the block and compares this number with the start- 
up condition (or target) which will be loaded from the 
microprocessor. When the target is met, bsogi is informed. 
Data is unaffected by bsca^it. 

Bsogi lies between bscatbit and ijiup (in the inverse 
modeler) . In effect, it is a queue of indicators that 
streams have met their targets. The queue is moved along 
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by streams leaving the buffers (i.e., FLUSH tokens received 
in the data stream at i.up) , when another "indicator" is 
accepted by i-up. if the queue is empty (i.e., there are no 
streams in the buffers which have yet met their start-up 
target) the stream in i«up is stalled. 

The queue only has a finite depth, however, this may be 
indefinitely expanded by breaking the queue in b.ogi and 
allowing the microprocessor to monitor the queue. Thes- 
queue mechanisms are referred to as internal and external 
queues respectively. 
B.6.5 Block Implementation 

B. 6.5.1 Bsbitcnt (Buffer Start-up bit counter) 

Bscntbit counts all the valid words that are input into 
the buffer start-up. The counter (b.ctr) is a programmable 
counter of 16-24 bits width. Moreover, b.ctr has carry look 
ahead circuitry to give it sufficient speed. B.ctr's width 
IS programmed by ced_bs_prescale . it does this by forcing 
bits 8-16 high. Which makes them always pass a carry. They 
are, therefore, effectively not used. Only the top eight 
bits or bsctr are used for comparisons with the target 
(ced_bs__target) . 

The comparison (ced_bs_count >=ced_bs_target) is done by 

bscmp « 

The target is derived from the stream when the stream is 
xn the Huffman Decoder and calculated by the 
microprocessor. it will, therefore, only be set sometime 
after the start of the stream. Before start-up, the 
target_valid is set low. Writing to ced_bs_target sets 
target_valid high and allows comparisons in bscmp to take 
place. When the comparison shows ced_bs_count >= 

ced_bs_target, target_valid is set low. The target has 
been met. 

When the target is met the count is reset. Note, it is 
not reset at the end of a stream. m addition, counting is 
disabled after the target is met if it is before the end of 
the stream. The count saturates to 255. 

When a stream ' ends (i.e., a flush) is detected in 
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b.bitcot. an abs_flush_event is generated. if the str. 
ends before the target is .et, an additional event is a"" 
gene ate. (bs.f lush.bef ore_target_.et_event, . When an^ 

events occur, the bloc, is stalled. This allows the 

or In Ih """""" "^'^^ -"-'^ target 

either °' ' ^^-^^-h.bef ore_target_„et_event event 

1) write a target of zero which will force a target_met 

2) note that target was not met and allow the next 
stream to proceed until this combined with the last 
stream reaches the target. The target for this next 
stream can should adjusted accordingly 

B. 6.5.2 BSOGL (buffer start-up output gaf logic) 

AS previously described, b.o,. is a gueue of indicators 
that a stream has met its target. The gueue type is set by 
ced_bs_queue (internal(O) or external ( i) ) . This is a reset 
to select an internal gueue. The depth of the gueue 
determines the maximum number of satisfied streams that can 
be .n the coded data buffer, Huffman, and token buffer 

When this number is reached r < ^ ^.^ 

^ reached (i.e. the queue is full) b.ogi 

will force the datapath to stall at b,5itc=t. 

using an internal gueue requires no action from the 
microprocessor. However, if it i< 

i-K» ^ *u ^ necessary to increase 

the depth of the queue, an external queue can be set (by 

Tol7 r'-'^-^="^^ ^° - ced_bs_queue which 

Should be set, target_met_event and stream end event 
enabled and access relinquished) . ~ ~ 

The external queue (a count maintained by the 
microprocessor) is inserted into the internal queue. The 
external queue is. maintained by two events. 

target_met_event and stream end event tk«=« ^ • , ^ 
- - ""_event. These can simply be 

referred to as service_queue_input and service queue output 

respectively] and a register ced.bs.enable.nx^ strelm. In 

effect, target_met_event is the up stream end of the 

internal queue supplying the queue. Similarly 

ced_bs_enable_nxt_stream is the down stream end of the 
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internal queue consuming the queue. Similarly, 
stream_end__event is a request to supply the down stream queue; 
stream_end__event resets ced_bs_enable_nxt__stream. The two 
events should be serviced as follows: 

/* TARGET_MET_EVENT */ 

j= micro_read(CED_BS_ENABLE_NEXT_STM); 

if G == 0) /*!s next stream enabled ?*/ 

{/*no, enable it*/ 

micro_write(CED_BS_ENABLE_NXT_STM, 1 ); 

printf(" enable next stream (queue = Ox%x))0 \n", (context->queue)); 

} 

else /*yes, increment the queue of *'target_met" streams*/ 
{ 

queue++; 

printf(" stream already enabled (queue = Ox%x) \n", (context- 

>queue)); 

} 

/* STREAM_EVENT */ 

if (queue > 01) /*are there any "target„mets" left? */ 
{/*yes, decrement the que and enable another stream */ 
queue—; 

micro_write (CED_BS_ENABLE_NXT_STM, 1); 

printf(* enable next stream (queue = Ox%x) \n*, (context->queue)); 

} 

else 

printf(" queue empty cannot enable next stream (queue = Ox%x) \n", 
queue); 

micro_write(CED_EVENT_1. 1 « BS_STREAM_END_EVENT); /** clear 
event 
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The queue type can be changed from internal to external 
at any time (by the means described above), but they can 
only be changed external to internal when the external 
queue is empty (from above "queue==0"), by setting 
ced_bs_access to gain access to ced_bs_queue which should 
be reset, target_met_event and stream_end_event masked, and 
access relinquished. 

on the other hand, disable checking of stream start-up 
conditions, set ced_bs_queue (external), mask 
target_met_event and stream_end_event and set 
ced_bs_enable_nxt_stream. m this way, all streams will 
always be enabled. 



489 

B.6.6 Microprocessor registers 



I Register nama 


Usage 


Adcress | 


CEO.BS.ACCESS 1 xxx»txxO 


0x10 j 


j CH0.9S.PRSSCAUH- | «xxxOOD 


Oxti j 


CEO.SS.TARGET* 


00000000 


0xt2 


C£0.BS,COUNT* 


ocoocooo 


0x13 1 


3S_PUUSH_EVENT 




0x02 1 


3S,?LUSH_MASK 


rrrrrDrr 


0x03 




BS,PLUSH,3EfOR£.TAflG£T_M£ 

T.EVE^^^ 


rrrrorrr 


0x02 


SS,FUUSH.9£rORE.TARGcT,M£ 
T,MASK 


rrrrOrrr 


0x03 



Table B.6,l 



Bscntbit registers 



j Regtster name 


Usaga 


Address 


TARGET.MET.EVE?^ 


rrrOrrrr 


0x02 


TARGET.MET.MASK rrrOrrrr | 0x03 


STHEAM.ENO.EVENT 


rrorrrrr 


0x02 


1 STSEAM.ENO.MASK rrOrrrrr 


0x03 


Table B.6.2 Baogi registc 


trs 


Register name 


Usage 




Address 


CEO.aS.QUEUE- j xxxxxxxo | OxM 


C£0,BS.ENABL£,NXT_STM' 


xxxxxxxO 0x15 ] 



Tabf£.6.2 aaoglregisters 
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where 

• D is a register bit 

•X is a non-existent register bit 

• r is a reserved register bit 

•to gain access to these registers ced_bs_access must be 
set to one and polled until it reads' back one, unless in an 
interrupt service routine. Access is given up by setting 
ced_bs_access' to zero. 



SECTION B.7 The DRAM Interface 

B • 7 . 1 Overview 

In the present invention, the Spatial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM interface 
block for that particular chip. In- all three devices, the 
function of the DRAM interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the chip via block addresses supplied by an address 
generator. 

The DRAM interface typically operates from a clock which 
is asynchronous to both the address generator and to the 
clocks of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency. 

Data is usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) . 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

Each of the chips has four swing buffers, but the 
function of these swing buffers is different in each case. 
In the Spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
Intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 
Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
the DRAM, one for each of Luminance (Y) and the Red and 
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Blue color difference data (Cr and Cb, respectively) . 

The following section describes the operation of a DRAM 
interface in accordance with the present invention, which 
has one write swing buffer and one read swing buffer, which 
5 is essentially the same as the operation of the Spatial 
Decoder DRAM Interface, This is illustrated in Figure 131, 
"DRAM Interface,". 
B.7.2 A Generic DRAK Interface 

Referring to Figure 131, the interfaces to the address 
^ 10 generator 42 0 and to the blocks which supply and take the 

Sj d^t^ are all two wire interfaces. The address generator 

S;. 42 0 may either generate addresses as the result of 

fi' receiving control tokens, or it may merely generate a fixed 

S;- sequence of addresses. The DRAM interface 421 treats the 

15 two wire interfaces associated with the address generator 
Li, * special way. Instead of keeping the accept line high 

P when it is ready to receive an address, it waits for the 

address generator to supply a valid address, processes that 
address and then sets the accept line high for one clock 
20 period. Thus, it implements a request/acknowledge 

(REQ/ACK) protocol. 

A unique feature of the DRAM Interface is its ability to 
communicate with the address generator and the blocks which 
provide or accept the data completely independent of the 

2 5 other. For example, the address generator may generate an 
address associated with the data in the write swing buffer, 
but no action will be taken until the write swing buffer 
signals that there is a block of data which is ready to be 
written to the external DRAM 422. However, no action is 

3 0 taken until an address is supplied on the appropriate bus 
from the address generator. Further, once one of the RAMs 
in the write swing buffer has been filled with data, the 
other may be completely filled and "swung" to the DRAM 
Interface side before the data input is stalled (the two- 

35 wire interface accept signal set low) . 

In understanding the operation of the DRAM Interface of 
the present invention, it is important to note that in a 



properly configured system the DRAM Interface will b able 
to transfer data between the swing buffers and the external 
DRAM at least as fast as the sum of all the average data 
rates between the swing buffers and the rest of the chip. 

Each DRAM Interface contains a method of determining 
which swing buffer it will service next. In general, this 
will be either a "round robin", in which the swing buffer 
which is serviced is the next available swing buffer which 
has less recently had a turn, or a priority encoder in 
which some swing buffers have a higher priority than 
others. In both cases, an additional request will come 
from a refresh request generator which has a higher 
priority than all the other requests. The refresh request 
is generated from a refresh counter which can be programmed 
via the microprocessor interface. 
B.7.2.1 The Swing Buffers 

Figure 132 illustrates a write swing buffer. The 
operation is as follows: 

1) Valid data is presented at the input 43 0 (data in) . As 
each piece of data is accepted it is written into RAMI 
and the address is incremented. 

2) When RAMI is full, the input side gives up control 
and sends a signal to the read side to indicate that 
RAMI is now ready to be read. This signal passes 
between two asynchronous clock regimes, and so passes 
through three synchronizing flip-flops. 

3) The next item of data to arrive on the input side is 
written into RAM2 , which is still empty. 

4) When the round robin or priority encoder indicates 
that it is the turn of this swing buffer to be read, 
the DRAM Interface reads the contents of RAMI and 
writes them to the external DRAM. A signal is then 
sent back across the asynchronous interface, as in 
(2) , to indicate that RAMI is now ready to be filled 
again . 

5) If the DRAM Interface empties RAMI and "swings" it 
before the input side has filled RAM2 , then data can 



be accepted by the swing buffer continually, otherwise 
When is filled the swing bCffer win set its 

accept signal low until RAMI has been "swung" back for 
use by the input side. 

6) This process is repeated ad infinitum. 

The operation of a read swing buffer is similar, but 

With input and output data busses reversed. 
B.7.2.2 Addressing of External DRAM and Swing Buffers 

The DRAM Interface is designed to maximize the available 
memory bandwidth. Consequently, it is arranged so that 
each 3X3 block of data is stored in the same DRAM page. m 
this way full use can be made of DRAM fast page access 
modes. Where one row address is supplied followed by many 
column addresses. m addition, a facility is provided to 
allow the data bus to the external DRAM to be 8 , 16 or 32 
bits wide, so that the amount of DRAM used can be matched 
to the size and bandwidth requirements of the particular 
application. 

in this example (which is exactly how the DRAM Interface 
on the spatial Decoder works), the address generator 
provides the DRAM Interface with block addresses for each 
of the read and write swing buffers. This address is used 
as the row address for the DRAM. The six bits of column 
address are supplied by the DRAM Interface itself and 
these bits are also used as the address for the swing 
buffer RAM. The data bus to the swing buffers is 32 bits 
wide, so if the bus width to the external DRAM is less than 
32 bits, two or four external DRAM accesses must be made 
before the next word is read from a write swing buffer or 
the next word is written to a read swing buffer (read and 
-rite refer to the direction of transfer relative to the 
external DRAM) . 

The situation is more complex in the cases of the 
Temporal Decoder and the Video Formatter. These are 
covered separately below. 
B.7.3 DRAM Interface Timing 

-In the present invention, the DRAM Interface Timing block 



uses timing chains to place the edges of the DRAM signals 
to a precision of a quarter of the system clock period. 
TWO quadrature clocks from the phase locked loop are used. 
These are combined to form a notional 2x clock. Any one 
chain is then made from two shift registers in parallel, on 
opposite phases of the "2x clock". 

First of all, there is one chain for the page start cycle 
and another for the read/write/refresh cycles. The length 
of each cycle is programmable via the microprocessor 
interface, after which the page start chain has a fixed 
length, and the cycle chain's length changes as appropriate 
during a page start. 

On reset, the chains are cleared and a pulse is created. 
This pulse travels along the chains, being directed by the 
state information from the DRAM Interface. The DRAM 
Interface clock is generated by this pulse. Each DRAM 
Interface clock period corresponds to one cycle of the 
DRAM. Thus, as the DRAM cycles have different lengths, the 
DRAM Interface clock is not at a constant rate. 

Further, timing chains combine the pulse from the above 
chains with the information from DRAM Interface to generate 
the output strobes and enables (notcas, notras, notwe, 
notoe) . 
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SECTION B.8 Inverse Quantizer 
B.8.1 Introduction 

This document describe**: 
-plem,nt«io„ ot ,:he i„v.„e quantizer uJ, i„ 
-ith the present invention. ' " " '""""ce 

B.8. 2 Overview 

The inverse 



quantizer reconstructs coefficients from 

sUes^aTi ""k""""' "-^"ts and step 

Sizes, an o uhicn are transmitted .ithin the datastream 
"•8*3 Interfaces 

oil. J ^° ^ Microprocessor. 

Datapath connect xons are via two-wire interfaces. input 
data xs 10 bits Wide, output is ii bits wide. 
B.8. 4 Mathematics of inverse Quantization 
B.8. 4.1 H261 Equations 

For blocks coded in intra mode: 



C, - C; - /i>«(c*) c. . av«n ^ 0 < , < 64 
C; - C; c!" 3 Odd 
C; - «/n(/nttx(C;.-2048).2047) 



For all other coded blocks: 



C - Cj c) C-ev,n 
C,' - q c' - Odd 



0 S i" < 64 
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B.8,4.2 JPEG Equations 



C; = '"'«(maj(C..-2048).2047) 
J " /Pe9-labl«_incJifection(f, 



m 

Ul 



y 



B.8.4.3 MPEG Equations 

For blocks coded in intra mode: 



» c; = Odd 



0 < < 64 
y = 0. 2 



1024 is added in intra DC ca$« to 



account tor prediaors in huffman be 



For ail other coded blocks : 



16 

c.- - C..,it„(c,] c'. 



•ven 



odd 



C; «s m«/»(max(C..-204a)i047) 
B.8,4.4 JPEG Varteten Eqi«ttens 



»ng reset to zero. 



0 < ( < 64 

y = 1. 3 



C- » /7acH >'j^j 

C • mirt(/na^(C..-2048)^047) 
/ ■ jp«g_tabi _indif#aion(c) 



B.8.4.5 All other tokens 

All tokens except DATA 
unquant i2ed 
Where : 
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Tokens must pass through the 



a < 0 

i/>n(fl) « jo a . 0 
1 a >0 

* aSb 

'nin{a,b) « ^ * 

^ a>b 

Floor(a) returns an integer such that: 

Qi are the quantized coefficients. 
C, are the reconstnjcted coeffidents 
Wjj are the values In the quantisation table matrices 
i '5 the coeffident index along the zig-zag 
j is the quantisation table matrix number (0 <= j <=3) 
B.8.4.6 fAump\^ Standards combined 

.t can be shown tha, a« the atx,v standards an. ,neir vanaUons (a.so control .a. 
must be unchanged by the i,) can be mapped on to single equation: 

OUTPUT . (2'NPUT-t) f.rv> 
16 

Wrth the addrtionai post inverse quantisation funaions of : 
•Add 1024 

<onvert from sign magnitude (o 2 s complement representauon. 
•Hound all even numbers to the nearest odd number towards zero. 
•Saturate resutt to *2047 or -2048. 

The variables k,x and y for each variation 0/ the sfa nrta,H, ^ . 

«uon or me standards and which functions they use 

shown in Tabte B.8.1. 
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B.«.4«€ Nultipl Standards o abinad 



Standard 


X 


1 ' 


k 


Add - 


1 Round 


SaL 


Convert 






Weigni 


Scale 




1024 


Even 


Pes t 




M261 


intra OC 




e 


0 


No 


1 No 


1 Yes 


I 1 




intra 


16 


tq_Qusnt.scale 


1 


No 


1 Yes 


1 v« 


Yes I 




other 


- 


>q-quan(,scat« 


\ 


No 


I Yes 




1 : 


JPEG 


DC 




8 


0 


Yes 


No 


re. 


Yes i 




other 




8 


0 


No 


No 


Y« 


Yes j 




tntraOC 


B 


8 


0 


Yes 


No 


res 


Yes 1 




intra 




iQ_Quan!_$caie 


0 


No 


No 


Yes 


Yes j 




other 


^1 


ia.Quant.scale 


1 


No 


Yes 


Yes 


Yes I 


XXX 


DC 1 




tq_Quant.scale 


0 


Yes 


No j 


Yes 1 


Yes 




oner 




iq_quant.scaie 


0 


No 


No 1 


^« 1 


Yes 


Oir^er Tckens 


1 


8 


0 


No 1 


No 1 


No 1 


No 



Tabl« B.S.I Control decoding 



B.s.s Block Structure 

From B-8.4.6 and Table B,8.1, it can be seen that a 
single architecture can be used for a multi-standard 
inverse quantizer. Its arithmetic block diagram is shown 
in Fig. 133 "Arithmetic Block": 

Control for the arithmetic block can be functionally 
broken into two sections: 

^ Decoding of tokens to load status registers or 

quantization tables. 

•Decoding of the status registers into control 
signals. 

Tokens are decoded in iqc* which controls the next cycle, 
i.e., iqcb's bank of registers. it also controls the access 
to the four quantization tables in iqru. The arithmetic, 
that is, two multipliers and the post functions, are in 
iqaritb. The complete block diagram f r the iq is shown in 
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Figure 134. 

B.8.6 Block Implementation 
B.8.6.1 Iqca 

In the invention, iqca is a state machine used to decode tokens into 
control signals for igram and the register in iqcb. The state machine is 
better described as a state machine for each token since it is reset by each 
new token. 
For example: 

The code for the QUANT_SCALE (see B.8.7.4, "QUANT_SCALE") 
and QUANT_TABLE (see B.8.7.6, "QUANT^TABLE") are as 
follows: 

if (tokenheader == QUANT_SCALE) 
{ 

sprintf(preport, "QUANT_SCALE"); 
reg_addr = ADDRJQ_QUANT_SCALE; 
rnotw = WRITE; 
enable = 1; 
} 

if (tokenheader == QUANT_TABLE) /*QUANT_TABLE token 7 

switch (substate) 

{ 

case 0: /* quantisation table header 7 

sprintf(preport, "QUANT_TABLE_%s_sO", 
(headerextn ? " (full) " : " (empty) " ) ); 
nextsubstate = 1; 
insertnext = (headerextn ? 0 : 1); 
reg_addr = ADDRJQ_COMPONENT; 
rnotw = WRITE; 
enable = 1; 
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^- «Iu«tisacioa cabie body v 
nextsubscace « i; 

--^ocw . (he.derexcn . r^^,, 
enable » i; 
breaks- 
default : 

sprintf (preporc. -error • 

<^"tisac.on cable co.endecc.e 

substate) ; 



break; 
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Where a substate is a state within a token, QUANT SCALE 
^^as, for example, only one substate. However" th 

Lr-Lr - - — ' ~ - 

The state machine is implemented as a PLA. Unrecognized 
toKens cause no wordline to rise and the PLA to !u ^ ^ 
default (harmless) controls. 

Additionally, i,c. supplies addresses to i,... ,„m 

BodyWord counter and ine^^i-^ ^ ■ 

unter and inserts words into the stream, for 

example m an unextended QUANT_TABLE (see B.8 7 4) This 
IS achieved by stalling the input while maintaining the 
output valid. The words can be filled with the correct 
data in succeeding blocks (iqeb or iq.rith) . 

iqca is a single cycle in the datapath controlled by two- 
Wire interfaces. 
B , 8 . 6 • 2 iqcb 

in the invention, i,cb holds the i, status registers 
under the control of i,c. it loads or unloads these from/to 
the datapath. 

The status registers are decoded (see Table B.8.1) into 
control wires for to control the XV multiplier terms 

and the post quantization functions. 

The Sign bit of the datapath is separated here and sent 
to the post quantization functions. Also, zero valued 
words on the datapath are detected here. The arithmetic is 
then ignored and zero muxed onto the datapath. This is the 
easiest way to comply with the "zero in; zero out" spec of 
the iq . 

The status registers are accessible from the 
microprocessor only when the register iq_access has been 
set to one and reads back one. m this situation, i,cb has 
halted the datapath, thus ensuring the registers have a 
stable value and no data is corrupted in the datapath. 

iqcb IS a single cycle in the datapath controlled by two 
wire interfaces. 
B-8.6.3 Iqran 
• iqra. must hold up to four quantization table matrices 
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(QTM), each 64*8 bits. It is, therefore, a 256*8 bits six 
transistor RAM, capable of one read or one write per cycle. 
The RAM is enclosed by two-wire interface logic receiving 
its control and %nrite data from iqc«. It reads out data to 
5 iqaritb. Similarly, igraa occupies the same cycle in the 
datapath as iqcb. 

The RAM may be read and written from the microprocessor 
when iq_access reads back one. The RAM is placed behind a 
keyhole register, iq_qtm_keyhole and addressed by 
^ 10 iq_qtm_keyhole_addr. Accessing iq_qtm_keyhole will cause 

the address to which it points, held in iq_qtm_keyhole_addr 
to be incremented. Likewise, iq_qtm_keyhole_addr can be 
written to directly, 
m B.8.6.4 iqarith 

15 Note, iqari^b is three functions pipelined and split over 

three cycles. The functions are discussed below (see 
g Figure 133) . 

N B.a,6.4.1 XY mmtiplier 

; This is a 5(X) by 8(Y) bit carry save unsigned multiplier 

'H=: ' feeding on to the datapath multiplier. The multiplier and 

multiplicand are selected with control wires from iqcb. The 
multiplication is in the first cycle, the resolving adder 
in the second. 

At the input to the multiplier, data from iqram can be 

2 5 muxed onto the datapath to read a QUANT_TABLE out onto the 

datapath. 

B>8,g,4.2 (XY)* da tapath multiplier 

This 13 (XY) by 12 (datapath) bit carry save unsigned 
multiplier is split over the three cycles of the block. 

3 0 Three partial products in the first cycle, seven in the 

second and the remaining two in the third. 

Since all output from the multiplier is less than 2047 
(non_coef f icient) or saturated to +2047/-2048, the top 
twelve bits don't ever need to be resolved. Accordingly, 
35 the resolving adder is just two bits wide. On the 
remainder of the high order bits, a zero detect suffices as 
a saturate signal. 
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Post qua ntization functions 

The post quantization functions* are 
•Add 1024 

■Convert from sign magnitude to 2's complement 
representation. 

•Round all even numbers to the nearest odd number 
towards zero. 

•Saturate result to +2047 or -2048. 
•Set output to zero (see B.8.6,2) 

The first three functions are implemented on a 12 bit 
adder (pipelined over the second and third cycles). From 
this, it can be seen what each function requires and these 
are then combined onto the single adder. 



1 runciicn 


<f dataoatn > o 


if dataoatn > 0 i 


Ccnven to 2'S ccmoiement 


notntng 


tnven aod one 


Round all even numoers 


suotract one | 


aod one ■ 
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function 


' if dataoatn > 0 


if ea!aca:n > o ; 


Add 1024 


add 1024 


add 1C24 ; 

1 



Table B.8.2 Post quantization adder functi 



ons 



As will be appreciated by one of ordinary skill in the 
art, care should be taken when reprogramming these 
functions as they are very interdependent when combined. 

The saturate values, zero and zero+1024 are muxed onto 
the datapath at the end of the third cycle. 
B.8.7 Inverse Quantizer Tokens 

The following notes define the behavior of the Inverse 
Quantizer for each Token tp which it responds. In all 
cases, the Tokens are also transported to the output of the 



inverse Quantizer. m most cases, the Token is unmodified 
by the Inverse Quantizer with the exceptions as noted 
below. AH unrecognized Tokens are passed unmodified to 
the output of the Inverse Quantizer. 
B . 8 . 7 . 1 SEQUENCE_START 

This Token causes the registers iq_predict ion 

n.ode[l:0] and iq_n.peg_indirectionCl : 0) to be reset to zero 

B . 8 . 7 . 2 COD ING_STAND ARD 

This Token causes iq.standard [ 1 : o ] to be loaded with the 

appropriate value based upon the current standard (MPEG 

JPEG or H.261) being decoded. 

B . 8 . 7 . 3 PREDICTION_MODE 

This Token loads iq-predict ion_mode C 1 : 0 ] . Although the 

PREDICTION_MODE Token carries more than two bits the 

inverse Quantizer only needs access to the two lowest order 

bits. These determine whether or not the block is intra 

coded . 

B.8.7.4 QUAKT_SCALE 

This Token loads iq_quant_scale[4 : O) . 
B . 8 . 7 . 5 DATA 

In the present invention, this Token carries the actual 
quantized coefficients. The head of the token contains two 
bits Identifying the color component and these are loaded 
into iq_componentCl:0]. The next sixty four Token words 
contain the quantized coefficients. These are modified as 
a result of the inverse quantization process and are 
replaced by the reconstructed coefficients. 

If exactly sixty four extension words are not present in 
the Token, the behavior of the inverse Quantizer is 
undefined . 

The DATA Token at the input of the Inverse Quantizer 
carries quantized coefficients. These are represented in 
eleven bits in a sign-magnitude format (ten bits plus a 
sign bit) . The value "minus zero" should not be used but 

is correctly interpreted as zero. 

The DATA Token at the outDut of i-h« r 

uufjut or the Inverse Quantizer 

carries reconstructed coefficients. Thoe« ^ ^ 

liuia. inese are represented 



- Dic) . The DATA Token at the output will h 

the s,„e „u..er of Token Extension word, „ ft nl « ^n 
input Of the inverse Quentizer. " 

B.fi,7.6 QUANT_TABLE 

This Token may be used to load a new quantization table 
or to read, out an existing table. Typically, m the 
nverse Quantizer, the Token will be used to load a new 
table Which has been decoded from the bit stream. The 
actxon Of reading out an existing table is useful in the 
forward quantizer of an encoder if that table is to be 
encoded into the bit stream. 

nuler ^T" identifying the taMe 

number that is to be used. These are placed in 

iq_component r 1 : 0 ] . Note thai- 

^ \, ' ""^^ ^^^^ this register now contains a 
table number" not a color component. 

If the extension bit of the Token ho^h ^ 

tue lojcen Head is one, th«> 

Inverse Quantizer expects ther*. tr, k« ^, 

^ " ^nei^e to be exactly sixty four 

extension Token Words. Each nno ^ • r ^ 

^. . '^^^^ is interpreted as a 

quantization table value and placed in . 

oca..on Of the appropriate table, starting at location 
zero. The ninth bit of each extension Token word is 

gnored. The Token is also passed to the output of the 
Inverse Quantizer, unmodified, in the normal way. 

inver °' ""'^^^ ""^ " — ' then the 

inverse Quantizer will read out successive locations of the 
appropriate table starting at location zero. Each location 
becomes an extension Token word (the ninth bit will be 

2ero). At the end of this operation, the Token will 

contain exactly sixty four extension Token words. 

The operation of the Inverse Quantizer in response to 

this token is undefined for all numbers of extension words 

except zero and sixty four. 

B . 8 . 7 . 7 JPEG_TABLE_SELECT 

This token is used to load or unload translations of 
olor components to table numbers to/from 



iq_ipeg indirection. Theso i-T-ar,c. i • 

and othir standards. ^"-^^txcns are used in .PEG 

The ToKen Head contains two bits identifying the color 
component that is currently of interest. These are placed 
in iq_component [ 1 : 0] . 

If the extension bit of tho t«w«„ u«,-j ■ 

or tne Token Head is one, the Token 

should contain one extension <.u i 

extension word, the lowest two bits of 

^ ^ ^ ^ ^ ^ r e written into the 
iq_ipeg_indirect ion r 2 * iq.component C 1 : 0 ] .1 : 2 * iq_component 
(l:0]] location. The value just read becomes a Token 
extension word (the upper seven bits will be zero) . At the 
end of this operation, the Token will contain exactly one 
Token extension word. 



j Cciouf componer.i in rsa-^f 


bus o( '<tj;s?_:nc;fec::: 
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Table B.8.3 JPEG_TABLE_SELECT action 
B.8.7.8 MPE6_TABLE_S ELECT 

This Token is used to define whether to use the default 
or user defined quantization tables while processing via 
the MPEG standard. The Token Head contains two bits. Bit 
zero of the header determines which bit if 
iq_mpeg_indirection is written into. Bit one is written 
into that location. 

Since the iq_mpeg_indirection(l : o ] register is cleared by 
the SEQUENCE_START Token, it will only be necessary to use 
this Token if a user defined quantization table has been 
transmitted in the bit stream. 
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B.8.0 Microprocessor Registers 
B.6.8.1 iq access 

To gain microprocessor access to any of the iq registers, 
iq_access must be set to one and polled until it reads back 
one (see B.8.6.2). Failure to do this will result in the 
registers being read still being controlled by the datapath 
and, therefore, not being stable. In the case of the igra», 
the accesses are locked out, reading back zeros. 

Writing zero to iq_access relinquishes control back to 
the datapath. 

B.8.8.2 lq_coding_standard[l:0] 

This register holds the coding standard that is being 
implemented by the Inverse Quantizer. 



iq_coding_standard 


Coding Standard j 


0 


H^61 1 


1 


JPEG 1 


2 


MPHG ! 


3 


XXX 1 



Table B.8.4 Coding standard values 

This register is loaded by the CODING_STANDARD Token. 

Although this is a two bit register, at present eight 
bits are allocated in the memory map and future 
implementations can deal with more than the above 
standards. • ' 



B.8.8.3 Iq_inpeg_indirection(l: 0] 

This two bit register is used during MPEG decoding 
operations to maintain a record of which quantization 
tables are to be used. 

lq_mpeg_indirection(0] controls the table that is used 
for intra coded blocks. if it is zero then quantization 
table 0 is used and is expected to contain the default 
quantization table. if it is one, then quantization table 
2 is used and is expected to contain the user defined 
quantization table for intra coded blocks. 

This register is loaded by the MPEG_TABLE_SELECT Token 
and is reset to zero by the SEQUENCE_START Token. 
B.8.8.4 Iq_ipeg_indirection[7: 0] 

This eight bit register determines which of the four 
quantization tables will be used for each of the four 
possible color components that occur in a JPEG scan. 

•Sits (1 :0I hold the table number that will be used for component zero. 
•3i:s (3:2; hold the table number that will be used for component one. 
•Bits (5.4! hold the table number that will be used for component rwo. 
•Sits (7.6i hold the table number that will be used for component three. 

This register is affected by the JPEG_TABLE_SELECT Token. 
B.8.8.5 iq_quant_acale[4 . 0] 

This register holds the current value of the quantization 
scale factor. This register is loaded by the QUANT_SCALE 
Token . 

B.a.8.6 iq_coinponent(i:0] 

This register usually holds a value which is translated 
into the Quantization Table Matrix (QTM) number. It is 
loaded by a number of Tokens. 

The DATA Token header causes this register be loaded with 
the color component of the block which is about to be 
processed. This information is only used in JPEG and JPEG 
variations to determine the QTM number, which it does with 
reference to iq_ipeg_indirect ion [ 7 : o ] . in other standards, 
iq_component [ 1 : 0 ] is ignored. 
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The JPEG_TABLE_SELECT Token causes this register be 
loaded with a color component. it is then used as an index 
into iq_xpeg_indirection[7:0] which is accessed by the 

tokens body. 

The QUANT_SCALE Token causes this register to be loaded 
with the QTM number. This table is then either loaded from 
the Token (if the extended form of the Token is used) or 
read out from the table to form a properly extended Token. 
B.8.8.7 iq_prediction_mode[i: 0] 

This two bit register holds the prediction mode that will 
be used for subsequent blocks. The only use that the 
Inverse Quantizer makes of this information is to decide 
Whether or not intra coding is being used. If both bits of 
the register are zero, then subsequent blocks are intra 
coded . 

This register is loaded by the PREDICTION_MODE Token. 
This register is reset to zero by the SEQUENCE_START Token. 

Iq_prediction_modeCl:0] has no effect on the operation in 
JPEG and JPEG variation modes. 
B.8.8.8 Iq_ipeg_indirection(7 : 0 J 

Iq_ipeg_indirection is used as a lookup table to 
translate color components into the QTM number. 
Accordingly, iq_component is used as an index to 
iq_ipeg_indirection as shown in Table B.8.3. 

This register location is written to directly by the 
JPEG_TABLE_SELECT Token if the extended form of the Token 
is used. 

This register location is read directly by the 
JPEG_TABLE_SELECT Token if the non-extended form of the 
Token is used. 

B.8.8.9 Iq_quant_table(3:0] [63:0] [7: o] 

There are four quantization tables, each with 6-; 
locations. Each location is an eight bit value. The value 
zero should not be. used in any location. 

These registers are implemented as a RAM described in 

B.8.6.3, "Igram". 

These tables may be loaded using the QUANT TABLE 



Token . 



Note that data in these tables are stored in zig-zag scan 
order. Many documents represent quantization table values 
as a square eight by eight array of numbers. Usually the 
DC term is at the top left with increasing horizontal 
frequency running left to right and increasing vertical 
frequency running top to bottom. Such tables must be read 
along the zig-zag scan path as the numbers are placed into 
the quantization table with consecutive "i". 
B.8.9 Microprocessor Ragister Map 
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Table B,8.S Memory Map 
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B.8.10 Test 



throuln " I"""" Ouantizer « the input is 

through the inverse Hcdeler-s output snooper, and at t^e 
output through the Inverse Quantizer's own snooper. Lo, , 

5 IS covered hv/ t ^ ^ ^ogic 



_ ^ WWII =»»iwvjuet. 

.s covered by the Inverse Quantizer's own scan chain 

Access can be gained to i,r« without reference 
iq_access if the ran>test signal is asserted. 



to 



SECTION B.9 mCT 

B.9.1 Introduction 

The purpose of this description of the Inverse Discret 
cosine Transform (IDCT) block is to provide a source o 
engineering information for the. IDCT. It include 

information on the following. 

• purpose and main features of the IDCT 
■ how it was designed and verified 

• structure 

It is intended that the description should provide one o 
ordinary skill in the art sufficient information t. 
facilitate or aid the following tasks. 

■appreciation of the IDCT as a "sillicon macro 

function" 

• integration the IDCT onto another device 
•development of test programs for the IDCT silicon 
■modification, re-design or maintenance of the IDCT 

• development of a forward DCT block 
B.9. 2 Overview 

A Discrete Cosine Transform/ Zig-Zag (DCT/ZZ) performs a 
transformation on blocks of pixels wherein each block 
represents an area of the screen 8 pixels high by 8 pixels 
wide. The purpose of the transform is to represent the 
pixel block in a frequence domain, sorted according to 
frequency. Since the eye is sensitive to DC components in 
a picture, but much less sensitive to high frequency 
components, the frequency data allows each component to be 
reduced in magnitude separately, according to the eye's 
sensitivity. The process of magnitude reduction is known 
as quantization. The quantization process reduces the 
information contained in the picture, that is, the 
quantization process is lossy. Lossy processes' give 
overall data compression by eliminating some information. 
The frequency data is sorted so that high frequencies, most 
likely to be quantized to zero, all appear consecutively. 
The consecutive zeros means that coding the quantized data 
by using run-length coding schemes yields further data 



is sorted and / " frequency data, which 

xs sorted, and transforms it into spatial data. This 
inverse sorting process is the function of izz 

The picture decompression system, of which the IDCT Moc. 

thaTtLToc;^^'''^^''^^^^^^^^^^"^^^^^^ 

that the IDCT blocK must take, and yield, integer values. 
However sxnce the IDCT function is not integer based, the 
internal number . representation uses fractional parts to 
TsTT 'IT"'' —racy. Pull floating-point arithmetic 
IS preferable, but the implementation described herein uses 

fixed-point arithmetic. There i <= <=^™« . 

mere is some loss of accuracy 
using fixed-point arithmetic hn^ 

aiTitnraeric, but the accuracy of this 

implementation exceedc= i-k^ 

the IEEE. accuracy specified by H.261 and 

B.9.3 Design Objectives 

The n,ai„ d.sign objective, i„ accordance with the present 
invention, .as to design a functionally correct IDCT MocK 

relireT: ' ' 

required to run „xth a clock speed of 30MHz under the 
specified oper.tin, conditions, but it was considered that 
the design should also be adaptable for the future. Higher 
cloc. rates win be needed i„ the future, and the 
architecture of the design allows for this wherever 
possible . 

B.9.4 IDCT Interfaces Description 

The IDCT block has the following interfaces, 
•a 12-bit wide Token data input port 
-a 9-bit wide Token data output port 
• a microprocessor interface port 

■ a system services input port 

■ a test interface 
• resynchronizing signals 

_ Both the Token data ports are the standard Two-wire 
nterface type previously described. The widths 



Illustrated, refer to the number of bits in the data 
representation, not the total number of wires in a port 
In addition, associated with the input Token data port are 
the Clock and reset signals used for resynchronizat ion to 
the output of the previous block. There are also two 
resynchronizing clocks associated with the output Token 
data port and used by the subsequent block. 

The microprocessor interface is standard and uses four 
bits of address. There are also three externally decoded 
select inputs which are used to select the address spaces 
for events, internal registers and test registers. This 
mechanism provides the flexibility to map the IDCT address 
space into different positions in different chips. There 
is also a single event output, idctevent, and two i/o 
signals, n_derrd and n_serrd, which are the event tristate 
data wires to be connected externally to the IDCT and to 
the appropriate bits of the microprocessor notdata bus. 

The system services port consists of the standard clock 
and reset input signals, as well as, the 2-phase override 
Clocks and associated clock override mode select input. 

The test interface consists of the JTAG clock and reset 
signals, the scan-path data and control signals and the 
ramtest and chiptest inputs. 

In normal operation, the microprocessor port is inactive 
since the IDCT does not require any microprocessor access 
to achieve its specified function. Similarly, the test 
interface is only active when testing or verification is 
required. 

B.9.5 The Mathematical Basis for the Discrete Cosine 
Transformation 

In video bandwidth compression, the input data represents 
a square area of the picture. The transform applied must, 
therefore, be two-dimensional. Two-dimensional transforms 
are difficult to compute efficiently, but the two- 
dimensional DCT has the property of being separable. 
Separable transforms can be computed along each dimension 
independent of the other dimensions. This implementation 
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uses a one-dimensional IDCT algorithm designed specifically 
for mapping onto hardware; the algorithm is not appropriate 

ap°:iie°d"^" --dimensional algorithm 

applied successively to obtain a two-dimensional result 

The mathematical definition of the two-dimensional OCT 
for an N by N block of pixels is as follows- 



EQ 10. forward DCT 
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EQ 1 1 . inverse DCT 
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The above definition is mathematically equivalent to 
multiplying two N by N matrices, twice in succession, with 
a matrix transposition between the multiplications. A one- 
dimensional DCT is mathematically equivalent to multiplying 
two N by K matrices. Mathematically the two-dimensional 
case is: 



Where C is the matrix of cosine terms. 

Thus the DCT is sometimes described in terms of matrix 
manipulation. Matrix descriptions can be convenient for 
mathematical reductions of the transform, but it must be 
stressed that this only makes notation easier. Mote that 
the 2/N term governs the DC level. The constants c(j) and 
c(k) are known as the normalization factors. 
B.9.6 The IDCT Transfers Algorithm 

As subsequently explained in further detail, the 
algorithm used to compute the actual IDCT transform should 
be a "fast" algorithm. The algorithm used is optimized for 
an efficient hardware architecture and implementation. The 
main features of the algorithm are the use of V2 scaling in 
order to remove one multiplication, and a transformation of 
the algorithm designed to yield a greater symmetry between 
the upper and lower sections. This symmetry results in an 
efficient re-use of many of the most costly arithmetic 
elements. 

In the diagram illustrating the algorithm (Figure 136) , 
the symmetry between the upper and lower halves is evident 
in the middle section. The final column of adders and 
subtracters also has a symmetry, the adders and subtracters 
can be combined with relatively little cost ( 4 
adder /subtracters being significantly smaller than 4 adders 
+ 4 subtracters as illustrated) . 

Note that all the outputs of a single dimensional 
transform are scaled by V2 . This means that the final 2- 
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dimensional answer will be scaled by 2* This can then be 
easily corrected in the final saturation and rounding stage 
by shifting. 

The algorithm shown was coded in double precision 
floating-point C and the results of this compared with a 
reference IDCT (using straightforward matrix 
multiplication) . A further stage was then used to code a 
bit-accurate integer version of the algorithm in c (no 
timing information was included) which could be used to 
verify the performance and accuracy of the algorithm as it 
would be implemented on silicon. The allowable 

inaccuracies of the transform are specified in the H.261 
standard and this method was used to exercise the bit- 
accurate model and measure the delivered accuracy. 

Figure 137 shows the overall IDCT Architecture in a way 
that illustrates the commonality between the upper and 
lower sections and which also shows the points at which 
intermediate results need to be stored. The circuit is 
time multiplexed to allow the upper and lower sections to 
be calculated separately. 
B.9.7 The IDCT Transform Xrchitecttire 

As described previously, the IDCT algorithm is optimized 
for an efficient architecture. The key features of the 
resulting architecture are as follows: 

•significant re-use of the costly arithmetic 
operations 

•small number of multipliers, all being constant 
coefficient rather than general purpose (reduces 
multiplier size and removes need for separate 
coefficient store) 

•small number of latches, no more than required for 
pipelining the architecture 

• operations are arranged so that only a single 
resolving operation is required per pipeline stage 

* can arrange to generate results in natural order 
•no complex crossbar switching or significant 
multiplexing (both costly in a final implementation) 
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• advantage is taken of resolved results in order to 
remove two carry-save operations (one addition, one 
subtraction) 

•architecture allows each stage to take 4 clock 
5 cycles, i.e., removes the requirement for very fast 

(large) arithmetic operations 

• architecture will support much faster operation than 
current 30MH2 pixel-clock operation by simply 
changing resolving operations from small/slow ripple 

y 10 carry to larger/faster carry-lookahead versions. The 

resolving operations require the largest proportion 
of the time required in each stage so speeding up 
only these operations has a significant effect on the 
overall operations speed, whilst having only a 
15 relatively small increase on the overall size of the 

i4: transform. Further increases in speed can also be 

p achieved by increasing the depth of pipelining. 

• control of the transform data-flow is very 
straightforward and efficient 

- 2 0 The diagram of the ID Transform Micro-Architecture 

(Figure 141) illustrates how the algorithm is mapped onto 
a small set of hardware resources and then pipelined to 
allow the necessary performance constraints to be met. The 
control of this architecture is achieved by matching a 
25 "control shift-register" to the data-flow pipeline. This 
control is straightforward to design and is efficient in 
silicon layout. 

The named control signals on Figure 141 (latch, sel_byp 
etc.) are the various enable signals used to control the 
30 latches and, thus, the signal flow. The clock signals to 
the latches are not shown. 

Several implementation details are significant in terms 
of allowing the transform architecture to meet the required 
accuracy standards whilst minimizing the transform size. 
35 The techniques used generally fall into two major classes. 
•Retention of maximum dynamic range, with a fixed 
word width, at each intermediate state by individual 



Si 
CI 



520 

control of the fixed-point position. 

•Making use of statistical definition of the accuracy 
requirement in order to achieve accuracy by selective 
manipulation of arithmetic operations (rather than 
increasing accuracy by simply increasing the word 
width of the entire transform) 

The straightforward way to design a transform would 
involve a simple fixed-point implementation with a fixed 
word-width made large enough to achieve accuracy. 
Unfortunately, this approach results in much larger word 
widths and, therefore, a larger transform. The approach 
used in the present invention allows the fixed point 
position to vary throughout the transform in a manner that 
makes the maximum use of the available dynamic range for 
any particular intermediate value, achieving the maximum 
possible accuracy • 

Because the allowable results are specified 
statistically, selective adjustments can be made to any 
intermediate value truncation operation in order to improve 
overall accuracy. The adjustments chosen are simple 
manipulations of LSB calculations, which have little or no 
cost. The alternative to this technique is to increase the 
word width, involving significant cost. The adjustments 
effectively "weight" final results in a given direction, if 
it is found that previously, these results tend in the 
opposite direction. By adjusting the fractional parts of 
results, we are effectively shifting the overall average of 
these results. 

B.».8 IDCT Block Diagram Description 

The block diagram of the IDCT shows all the blocks that 
are relevant to the processing of the Token Stream. This 
diagram. Figure 138, does not show details of clocking, 
test and microprocessor access and the event mechanism. 
Snooper blocks, used to provide test access, are not shown 
in the diagram. 
B.9.8.1 DATA Brr r Checker 

The first block is the DATA error checker and corrector. 



called "decheck" which takes and produces a 12 -bit wide 
Token Stream, parses this stream and checks the DATA 
Tokens. All other Tokens are ignored and are passed 
straight through. The checks that are performed are for 
DATA Tokens with a number of extensions not equal to 64. 
The possible errors are termed "deficient" (<64 extensions) 
an idct_too_f ew_event, and "supernumerary" (>64 
extensions) , an idct_too_many_event . Such errors are 
signalled with the standard event mechanism, but the block 
also attempts simple error recovery by manipulation of the 
Token Stream. In the case of deficient errors, the DATA 
Token is packed with "0" value extensions (stops accepting 
input and performs insert) to make up the correct 64 
extensions. In the case of a supernumerary error, the 
extension bit is forced to "0" for the 64th extension and 
all extra extensions are removed from the Token Stream. 
Inverse 2ig-Zag 
The next block on the Spatial Decoder in Fig. 138 is the 
inverse zig-zag RAM 441, "izz", and again it takes and 
produces a 12-bit wide Token Stream. As with all other 
blocks, the stream is parsed, but only DATA Tokens are 
recognized. All other Tokens are passed through unchanged. 
DATA Tokens are also passed through, but the order of the 
extensions is changed. This block relies on correct DATA 
Tokens (i.e., 64 extensions only). If this is not true, 
then operation is unspecified. The reordering is done 
according to the standard inverse Zig-Zag pattern and, by 
default, is done so as to provide horizontally scanned data 
at the IDCT output. It is also possible to change the 
ordering to provide vertically scanned output. In addition 
to the standard IZZ ordering, this block performs an extra 
re-ordering of each 8-word row. This is done because of 
the specific requirements of the IDCT one-dimensional 
transform block and results in rows being output in the 
order (1,3,5,7,0,2,4,6) rather than (0,1,2,3,4,5,6,7). 



522 

B.t.S.3 Input Foruttttr 

The next block in Figure 13 8 is the input formatter 442, 
••ip_fat*», which formats DATA input for the first dimension 
of the IDCT transform. This block has a 12-bit wide Token 
Stream input and 22-bit wide token Stream output. DATA 
Tokens are shifted left so as to move the integer part to 
the correct significance in the IDCT transform standard 22- 
bit wide word, the fractional part being set to 0. This 
means that there are 10 bits of fraction at this point. All 
other Tokens are unshifted and the extra unused bits are 
simply set to 0. 

B«9,6.4 l^^Dimensional Transform - 1st Dimension 

The next block shown in Figure 138 is the first single 
dimension IDCT transform block 443,"oned". This inputs and 
outputs 22-bit wide token Streams and, as usual, the stream 
is parsed and DATA Tokens are recognized. All other tokens 
are passed through unaltered. The DATA Tokens pass through 
a pipelined datapath that performs an implementation of a 
single dimension of an 8-by-8 Inverse Discrete Cosine 
Transform. At the output of the first dimension, there are 
7 bits of fraction in the data word. All other Tokens run 
through a merely shift register datapath that simply 
matches the DATA transform latency and are recombined into 
the Token Stream before output. 
B.9.a«5 Transpose RAM 

The transpose RAM 444 "tram", is similar in many ways to 
the inverse zig-zag RAM 441in the way it handles a Token 
Stream. The width of Tokens handled (22 bits) and the re- 
ordering performed are different, but otherwise they work 
in the same way and actually share much of their control 
logic. Again, rows are additionally re-ordered for the 
requirements of the following IDCT dimension as well as the 
fundamental swapping of columns into rows. 
B*9«8«6 1-Dimensional Transform - 2nd Dimension 

The next block shown is another instance of a single 
dimension IDCT transform and is id ntical in every way to 
the first dimension. At the output of this dimension there 
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are 4 bits of fraction. 
B.9.t.7 Keuad and saturate 

The round-and-saturate block 446 in Figure 138. 
takes a 22-bit wide Token Stream containing DATA extensions 
m 22-bit fixed point format and outputs a 9-bit wide Token 
Stream where DATA extensions have been rounded (towards +ve 
infinity) into integers and saturated into 9-bit two's 
complement representation and all other Tokens have been 
passed straight through. 
B.9,9 Hardware Oeaerlptions of Blocks 
B.9.9.1 Standard Block Structure 

For all the blocks that handle a Token Stream there is a 
standard notional structure as shown in Figure 139. This 
separates the two-wire interface latches from the section 
that performs manipulation of the Token Stream. Variations 
on this structure can include extra internal blocks (such 
as a RAM core) . m some blocks shown, the structure is 
made less obvious in the schematic (although it does 
actually still exist) because of the requirement of 
grouping together all the "datapath" logic and separate 
this from all the standard cell logic. in the case of a 
very simple block, such as "ras", it is possible to take 
the latched out_accept straight into the input two-wire 
latch without logical manipulation. 
B.9.9.2 "Decheck" - DATA Brror Checking/Recovery 

The first block 440 in the Token Stream performs DATA 
checking and correcting as specified in the Block Diagram 
overview section. The detected errors are handled with the 
standard event mechanism which means that events can be 
masked and the block can either continue with the recovery 
procedure when an error is detected or be stopped depending 
on event mask status. The IDCT should never see incorrect 
DATA Tokens and, therefore, the recovery that it attempted 
is only a fairly simple attempt to contain what may be a 
serious problem. 

This block has a pipeline depth of two stages and is 
implemented entirely in zcells. The input two-wire 
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inf rfac. latch i. f the -front" type, meaning that all 
inputs arrive onto transistor gates to allow safe operation 
when this block (at the front of the IDCT) is on a separate 
power supply regime from the one preceding it. This block 
works by parsing a Token Stream and passing non-DATA Tokens 
straight through. When a DATA Token is found, a count is 
started of the number of extensions found after the header. 
If the extension bit is found to be "O" when the count does 
not equal 63, an error signal is generated (which goes to 
the event logic) and depending on the' state of the mask bit 
for that event, "decheck" will either be stopped (i.e., no 
longer accept input or generate output) or will begin error 
recovery. The recovery mechanism for "def icienf errors 
uses the counter to control the insertion of the correct 
number of extensions into the Token Stream (the value 
inserted is always "0"). Obviously, input is not accepted 
whilst this insertion proceeds. When it is found that the 
extension bit is not «0- on the 64th extension, a 
"supernumerary" error is generated, the DATA Token is 
completed by forcing the extension bit to "O", and all 
succeeding words with the extension bit set to "l" are 
deleted from the Token Stream by continuing to accept data 
but invalidating the output. 

Note that the two error signals are not persistent 
(unless the block is stopped) i.e., the error signal only 
remains active from the point when an error is detected 
until recovery is complete. This is a minimum of one 
complete cycle and can persist forever in the case of a 
infinitely supernumerary DATA Token. 
B.».9.3 "liiM and ••tram" - Reordering RAMs 

The "izz" 441 (inverse zig-zag RAM) and the "tram" 444 
(transpose RAM) are considered here together since they 
both perform a variation on the same function and they have 
more similarities than differences. Both these blocks take 
a Token Stream and re-order the extensions of a DATA Token 
whilst passing through all other Tokens unchanged. The 
widths of the extensions handled and the sequences of the 
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re-ordering are different, but a large section of the 
control logic for each RAM is identical and is actually 
organ.eed into a "common control" block which is instanced 
xn the schematic for each RAM. The difference in width has 
no effect upon this control section so it is only necessary 
to use a different "sequence address generator" for each 
RAM together with RAM cores and two-wire interface blocks 
of the appropriate width. 

The overall behavior of each RAM is essentially that of 
a FIFO. This is strictly true at the Token level and a 
particular modification to the output order is made for the 
extension words of a DATA Token. The depth of the FIFO is 
128 stages. This is necessary to fulfill the requirement 
for a sustainable 30 MHz throughout the system since output 
Of the FIFO is held up after the start of the output of a 
DATA Token is detected. This is because the features of 
the reordering sequences used require that a complete block 
Of 64 extensions be gathered in the FIFO before re-ordered 
output can begin. More precisely, the minimum number 
required is different for inverse zig-zag and transpose 
sequences and is somewhat less than 64 in both cases 
However, the complications of controlling a FIFO which has 
a length which is not a power of two, means that the small 
saving in RAM core would be outweighed by the additional 
complexity of control logic required. 

The RAM core is implemented with a 'design which allows a 
read and a write (to the same or separate addresses) in a 
single 30 MHz cycle. This means that the RAM is 
effectively operating with an internal 60 MHz cycle time. 

The re-ordering operation is performed by generating a 
particular sequence of . read addresses ("sequence address 
generation", in the range 0-> 63. but not in natural order. 
The sequences required are specified by the standard zig- 
zag sequence (for eight horizontal or vertical scanning, or 
by the sequence needed for normal matrix transposition. 
These standard sequences are then further reordered by the 
requirement to output each row in Odd/Even format (i.e.. 



1.3,5,7,0,2,4,6) rather than (0,1,2,3,4.5,6,7), because of 
bJoCcr^"'"™"""' °' transforn. l-dimensional 

Transpose address sequence generation is quite 
straightforward alqorith^icall,. straight transpose 

sequence generation simply requires the generation of row 
and column addresses separately, both in.plemented with 
counters. The row re-ordering requirement simply means 
that row addresses are generated with a simple specific 
state machine rather than a natural counter. 

inverse zig-zag sequences are rather less straightforward 
to generate algorithmically . Because of this fact, a small 
ROM is used to hold the entire 64 6 bit values of address 
this being addressed with row and column counters which can 
be swapped in order to change between horizontal and 
vertical scan modes. A ROM based generator is very quicJc 
to design and it further has the advantage that it is 
tnvxal to implement a forward zig-zag (ROM re-program) or 
to add other alternative sequences in the future. 
B. 9.9.4 '.oned" - Single Dinension IDCT Transform 

This blooc has a pipeline depth of 20 stages and the 
pipeline is rigid when stalled. This rigidity greatly 
simplifies the design and should not unduly affect overall 
dynamics since the pipeline depth is not that great and 

both dimensions come aft-o»- => nnw w • ^ 

come arter a RAM which provides a certain 

amount of buffering. 

The block follows the standard structure, but has 
separate paths internally for DATA Token extensions (which 
are to be processed) and all other items which should be 
passed through unchanged. Note that the schematic is drawn 
in a particular way. First, because of the requirements to 
group together all the datapath logic and second, to allow 

automatic compiled code qeneratir,,, ,4.^- 

f = generation (this explains the 

control logic at the top level) . 

Tokens are parsed as normal and then DATA extensions, and 
other values, are routed respectively through two different 
parallel paths before being re-combined with a multiplexer 
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before the output two-wire interface latch block. The 
parallel paths are required because it is not possible to 
pass values unchanged through the transform datapath. The 
latency of the transform datapath is matched with a simple 
shift register to handle the remainder of the Token Stream. 

The control section of "oned" needs to parse the Token 
Stream and control the splitting and re-combination of the 
Tokens. The other major section controls the transform 
datapath. The main mechanism for the control of this 
datapath is a control shift-register which matches the 
datapath pipeline and is tapped-off to provide the 
necessary control signals for each stage of the datapath 
pipeline. 

The "oned" block has the requirement that it can only 
start operation on complete rows of DATA extensions, i.e., 
groups of 8. It is not able to handle invalid data 
("Gaps") in the middle of rows, although, in fact, the 
operation of "izz" and the "tram" ensure that complete DATA 
blocks are output as an uninterrupted sequence of 64 valid 
extension values. 
B. 9 > 9.4*1 Transform Datapath 

The micro-architecture of the transform datapath, "t_dp" 
was previously shown in Figure 141. Note that some detail 
(e.g., clocking, shifts, etc.) is not shown. This diagram 
does illustrate, however, how the datapath operates on four 
values simultaneously at any stage in the pipeline. The 
basic sub-Structure of the datapath, i.e., the three main 
sections can also be seen (e.g., pre-common, common and 
post-common) as can the arithmetic and latch resources 
required. The named control signals are the enables for 
the pipeline latches (and the add/sub selector) which are 
sequenced with decodes of the control shift-register state. 
Note that each pipeline stage is actually four clock cycles 
in length. 

Within the transform datapath there are a number of latch 
stages which are required to gather input, store 
intermediate results in the pipeline, and serialize the 
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output. Some of latches are of the muxing type, i.e., they 
can be conditionally loaded from more than one source'. All 
the latches are of the enabled type, i.e., there are 
separate clock and enable inputs. This means that it is 
easy to generate enable signals with the correct timing, 
rather than having to consider issues of skew that would 
arise if a generated clock scheme was adopted. 

The main arithmetic elements required are as follows. 

•a number of fixed coefficient multipliers 

(carry-save output) 

• carry-save adders 

• carry-save subtracters 

• resolving adders 
•resolving adder/ subtracters 

All arithmetic is performed in two's complement 
representation. This can either be in normal (resolved) 
form or in carry-save form (i.e., two numbers whose sum 
represents the actual value). All numbers are resolved 
before storage and only one resolving operation is 
performed per pipeline stage since this is the most 
expensive operation in terms of time. The resolving 
operations performed here all use simple ripple-carry 
This means that the resolvers are quite small, but 
relatively slow. since the resolutions dominate the total 
time in each stage, there is obviously an opportunity to 
speed up the entire transform by employing fast resolving 
arithmetic units. 

B.9.9.5 "Ras" - Rounding and Saturation 

In the present invention, the "ras" block has the task of 
taking 22-bit fixed point numbers from the output of the 
second dimension "oned" and turning these into the 
correctly rounded and saturated 9-bit signed integer 
results required. This block also performs the necessary 
divide-by-4 inherent in the scheme (the 2/N term) and to 
further divide-by-2 required to compensate for the v2 pre- 
scaling performed in each of the two dimensions. This 
division by 8 ilriplies that the fixed point position is 
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interpreted as being three bits further left than 
anticipated, ..e., .reat the result as having 15 bits of 
xnteger representation and 7 bits of fraction (rather than 
b.ts Of fraction,. The rounding „ode implemented is 
round to positive infinity", i.e., add one for fractions 
Of exactly 0.5. This is primarily done because it is th! 
simplest rounding mode to implement. After rounding (a 
conditional increment of the integer part) is complete 
this result is inspected to see whether the 9-bit signed 
result requires saturation to the maximum or minimum value 
xn this range. This is done by inspection of the increment 
carry out together with the upper bits of the original 
integer value. 

AS usual, the Token Stream is parsed and the round and 
saturation operation is only applied to DATA Token 
extension values. The block has a pipeline depth of two 
stages and is implemented entirely in zcells 
B.9.9.6 "idctsels.. - iDCT Register Select Decoder 

This block is a Simple decoder which decodes the 4 
microprocessor interface address lines, and the "sel test- 
input, into select lines for individual blocks test Iccess 
(snoopers and RAMs) . The block consists only of zcells 




outsnoop data(7:0I 



Table B.9.1 IDCT Test Address sp.ce 

Repeated address 



sJ„da« invention contains instances of the 

and supernumerary errors a^h ,i <=iJ.cxenc 

bit "vscan" Which can hi " ' "^PP-^ 

wnich can be used to make the "izz" ro 
change such that the idct ou^r^ur ■ re-ordering 
Thi= K V • output IS vertically scanned 

This bit IS reset to the value "O" i ^ . . canned, 

is hori^r^n^-^n ' ' default mode 

re OR-ea t ' 

ulea as " ^^«— -i^nal which can be 

ana 5't B-'-lO .he addresses 

ana bit positions of registers and events. 
B.9.9.8 Cloclt G«n«rators 

in 'the"7ncT"'" '""^ =i==K generators are usea 

in the IDCT. This is don. so that there can be tv, 
eparace scan-paths. The clo« generators are called 
actcgt) . Functionally, the only difference 
is that ..idctcb" does not need to generate the ..hotrst" 
Signal. The amounts of buffering for each of the clock and 
reset outputs in the t„o cloc. generators is indivrdua ^ 
tailored to the actual loads driven by each cloc. or reset 

gate and track capacitances of the final layout 

When the IDCT top-level Block Place and Rout, ,bpr, 
performed, advantage was ^Al,— 

' o' the capabilities of the 

interactive global routing feature to increase the widths 

t°rees"f th °' ''^"ribut o 

since tT : "°" '"^"^ '"^'^ '''"'^ '^"^ " 

Since these tracks will carry significant currents. " 

B.9.9.9 JTAG Control Blocks 

Since the IDCT has two seoarai-o ^ ^ • 

separate scan-chains, and two 
Clock generators, there sro i-^^ 

TTAr r. \ . , instances of the standard 

JTAG control block, "jspctle" th^^ ■ ^ 

-est r,^^^ ^ w ' ^ interface between the 

-est port and the two scan-paths. 

B.9.10 Event and Control Registers 

The IDCT can generate two events ««h u 
control ^u. events and has a single bit of 

control. The two events are idct * 
iH^i- ^ idct_too few event and 

iact_too_many event which can be oener-af^-* J~ 

oe generated by the "decheck" 



block at the front of the IDCT if incorrect DATA Tokens are 
detected. The single control bit is "vscan" which is set 
xf It IS required to operate the IDCT with the output 
vertically scanned. This bit, therefore, controls the 
"xzz.. block. AH the event logic and the .e.ory .apped 

control bit are located in the block "idctregs". 

From the point of view of the IDCT, these registers are 

located in the following locations. The tristate i/o wires 

n_derrd and n-serrd are used to read and write to these 

locations as appropriate. 



(hex) 


8rt 
num. 


Register Name 


0x0 


not used ' =1 

0 1 vscan " ; 



Table B.9.2 IDCT Control Regist 



Register Address Spa 



ce 




Table B.9.3 IDCT Event Address Space 
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B.9.11 Ifflplementation Issues 
B.9.11.1 Logic Design Approach 

In the design of all the IDCT blocks, in accordance with 
the invention, there was an attempt to use a unified and 
simple logic design strategy which would mean that it was 
possible to do a "safe" design in a quick and 
straightforward manner. For the majority of control logic, 
a simple scheme of using master-slaves only was adopted. 
Asynchronous set/reset inputs were only connected to the 
correct system resets. Although it might often be possible 
to come up with clever non-standard circuit configurations 
to perform the same functions more efficiently, this scheme 
possesses the following advantages. 

•conceptually simple 

* easy to design 

■speed of operation is fairly obvious (cf. 
latch->logic->latch>logic style design) and 
amenable to automatic analysis 
•glitches not a problem (cf. SR latches) 

• using only system reset for initialization 
allows scan paths to work correctly 
•allows automatic complied C-code generation 

There are a number of places where transparent d-type 
latches were used and these are listed below. 
B. 9.11 , 1,1 tvo-vire interface latches 

The standard block structure uses latches for the input 
and output two-wire interfaces. No logic exists between an 
output two-wire latch and the following input two-wire 
latch. 

B.9.11. 1.2 ROM interface 

Because of the timing requirements of the ROM circuit, 
latches are used in the IZZ sequence generator at the 
output of the ROM. 

B. 9 . 11. 1, 3 Transfo rm Datiapath and control Shif t-Reaister 

It is possible to implement every pipeline storage stage 
as a full master-slave device, but because of the amount of 
storage required* there is a significant savings to be had 



534 



by using latches. However, this scheme requires the user 
to consider several factors. 

■control shift-register must now produce control 
signals of both phases for use as enables (i.e., 
need to use latches in this shift-register) 
•timing analysis complicated by use of latches 
•the "t_postc" will no longer automatically produce 
compiled code since one latch outputs to another 
latch of the same phase (because of the timing of the 
enables this is not a problem for the circuit) 
Nonetheless, the area saved by the use of latches makes 
It worthwhile to accept these factors in the present 
invent ion . 

B. 9. XI. 1.4 Micropro ceaaor interfae»»^ 

Due to the nature of this interface, there is a 
requirement for latches (and resynchronizers) in the Event 
and register block "idctregs" and in the keyhole logic for 
RAM cores . 

B.9.11.1.S JTAG Tast Caniii-nl 

These standard blocks make use of latches. 
B.9.11.2 Circuit Design Issues 

Apart from the work done in the design of the library 

cells that were used- in the IDCT design (standard cells 

datapath library, RAMs, ROMs, etc.) there is no requirement 

for any transistor level circuit design in the IDCT 

Circuit simulations (using Hspice) were performed of some 

of the known critical paths in the transform datapath and 

Hspice was also used to verify the results of the Critical 

Path Analysis (CPA) tool in the case of paths that were 

close to the a llo-wed maximum length. 

.Note that the IDCT is fuilv sta^^r- ^„ 

iuiiy s'catic m normal operation 

(i.e., -we can scop the system clocks indefinitely) but 
there are dynamic nodes in scanable latches which will 
decay when test clocks are stopped (or very slow) . '^dn^^o' 
the non-restored nature of some nodes which exhibit a Vt 
drop (e.g., mux outputs) the IDCT will not be "micro-power" 
when static. 



B.9.11.3 Lay ut Approach 

The overall approach to the layout implementation of the 
present invention was to use BPR (some manual intervention) 
to lay out a complete IDCT which consisted of many zcells 
and a small number of macro blocks. These macro blocks 
were either hand-edited layout (e.g., RAMs, ROM, clock 
generators, datapaths) or, in the case of the "oned" block, 
had been built using BPR from further zcells and datapaths. 

Datapaths were constructed from kdplib cells. 
Additionally, locally defined layout variations of kdplib 
cells were defined and used where this was perceived as 
providing a worthwhile size benefit. The datapath used in 
each of the "oned" blocks, "oned_d", is by far the largest 
single element in the design and considerable effort was 
put into optimizing the size (height) of this datapath. 

The organization of the transform datapath, "t_dp", is 
rather crucial since the precise ordering of the elements 
within the datapath will affect the way the interconnect is 
handled. It is important to minimize the number of "overs" 
(vertical wires not connecting to a sub-block) which occur 
at the most congested point since there is a maximum 
allowed value (ideally 8, 10 is also possible, although 
highly inconvenient) . The datapath is split logically into 
three major sub-sections and this is the way that the 
datapath layout was performed. m each subsection, there 
are really four parallel data flows (which are combined at 
various points) and there are, therefore, many ways of 
organizing the flows of data (and, thus, the positions of 
all the elements) within each subsection. The ordering of 
the blocks within each subsection, and also the allocation 
of logical buses to physical bus pitches was worked out 
carefully before layout commenced in order to make it 
possible to achieve a layout that could be connected 
correctly . 
B.9.12 Verification 

The verification of the IDCT was done at a number of 
levels, from top-level verification of the algorithms zo 
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final layout checks. 

in Tbol^r, °" "Chi.ecture «s done 

C both full-precision and bi,:-«curate integer nodel, 
were developed. Various tests were performed on the Mt! 
.ccurete ™odel in order to prove the conrorn.nce to ^He 
H.J61 accuracy, specification and to measure the dy^namic 
ranges of the calculations within the traLforl 
architecture.. 

The design progressed in many cases by writing an M 
behavioral description of sub-blocKs (for example, the 
control of datapaths and RAMs). Such descriptions were 
simulated in Lsim before moving onto the design of the 
schematic description of that block. In some cases (e g 
HAMS. Clock generators) the behavioral descriptions were 
still used for top-level simulations. 

The strategy for performing logic simulation was to 
simulate the schematics for everything that would simulate 
adequately at that level. The low-level library cells 
(I.e., zceils and kdplib) were mainly simulated using their 
behavioral descriptions since this results in far smaller 
and quicker simulations. Additionally, the behavioral 
library cells provide timing check features which can 
highlight some circuit configuration problems. As a 
confidence check, some simulations were performed using the 
transistor descriptions of the library cells. All the 
logic simulations were in the zero-delay manner and, 
therefore, were intended to verify functional performance. 

The verification of the real 1-1mi^^« u u • • ^ 

».ne reai timing behavior is done with 

other techniques. 

Lsim switch-level simulations (with RC_Timing mode being 
used) were done as a. partial verification of timing 
performance, but also provide checks for some other 
potential transistor level problems (e.g., glitch sensitive 
Circuits) . 

The nam verification technique for checking timing 
problems was the use of the CPA tool, the "path" option for 
"datechk". This was used to identify the longer signal 



paths (some were already )cnovn) and Hspice was used to 
verify the CPA analysis in some critical cases. 

Most Lsim simulations were performed with the standard 
source->block->sin}c methodology since the bulk of the IDCT 
behavior is exercised by the flow of Tokens through the 
device. Additional simulations are also necessary to test 
the features accessed through the microprocessor interface 
(configuration, event and test logic) and those test 
features accessed via JTAG/scan. 

Compiled-code simulations can be readily accomplished by 
one of ordinary skill in the art for entire IDCT, again 
using the standard source->bloc->sink method and many of 
the same Token Streams that were used in the Lsim 
verification. 

B.9«13 Testing and Test Support 

This section deals with the mechanisms which are provided 
for testing and an analysis of how each of the blocks might 
be tested. 

The three mechanisms provided for test access are as 
follows: 

• microprocessor access to RAM cores 
•microprocessor access to snooper blocks 

* scan path access to control and datapath logic 

There are two "snooper" blocks and one "super snooper" 
block in the IDCT. Figure 140 shows the positions of the 
snooper blocks and the other microprocessor test access. 

Using these, and the two RAM blocks, it is possible to 
isolate each of the major blocks for the purpose of testing 
their behavior in relation to the Token flow. Using 
microprocessor access, it is possible to control the Token 
inputs to any block and then to observe the Token port 
output of that block in isolation. Furthermore, there are 
two separate scan paths which run through (almost) all of 
the flip-flops and latches in the control sections of each 
block and also some of the datapath latches in the case of 
the "oned" transform datapath pipeline. The two scan paths 
are denoted "a" and "b", the former running from the 
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-decheck" block to the -ip_fmt« block and the latter from 
the first "oned" block to the "ras" block. 

Access to snoopers is possible by accessing the 
appropriate memory mapped locations in the normal manner. 
The same is true of the RAM cores (using the "ramtest" 
input as appropriate) . The scan paths are accessed through 
the JTAG port in the normal way. 

Each of the blocks is now discussed with reference to the 
various test issues. 
B. 9 .13.1 **Deeheck** 

This block has the standard structure (see Figure 13 9) 
where two latches for the input and output two- wire 
interfaces surround a processing block. As usual, no scan 
is provided to the two-wire latches since these simply pass 
on data whenever enabled and have no depth of logic to be 
tested. In this block, the "control" section consists of 
a l-stage pipeline of zcells which are all on scanpath "a". 
The logic in the control section is relatively simple, the 
most complex path is probably in the generation of the DATA 
extension count where a 6-bit incrementer is used. 
B. 9.13.2 "ISB** 

This block is a variant of the standard structure and 
includes a RAM core block added to the two-wire interface 
latches and the control section. The control section is 
implemented with zcells and a small ROM used for address 
sequence generation. All the zcells are on scanpath "a" 
and there is access to the ROM address and data via zcell 
latches. There is also further logic, e.g., for the 
generation of numbers . plus the ability to increment or 
decrement. In addition, there is a 7-bit full adder used 
for read address generation. The RAM core is accessible 
through keyhole registers, via the microprocessor 
interface, see Table B.9.1. 
B.9.13.3 "lp_f»t" 

This block again has the standard structure. Control 
logic is implemented with some rather simple zcell logic 
(all on scanpath "a") but the latching and shif ting/muxing 



of the data is performed in a datapath with no direct 
access since the logic here is very shallow and simple 
B.9.13.4 "Oned" 

Again, this block follows the standard structure and 
divides into random logic and datapath sections. The zcell 
logic is relatively straightforward, all the zcells are on 
scanpath "a". The control signals for the transform 
pipeline datapath are derived from a long shift register 
consisting of zoell latches which are on the scanpath 
Additionally, some of the pipeline latches are on the 
scanpath, this being done because there is a considerable 
depth of logic between some stages of the pipeline (e g 
multipliers and adders). The non-DATA Tokens are passed 
along a shift register, implemented as a datapath, and 
there is no test access to any of the stages. 
B.9.13.5 Tram' 

This block is very similar to the "izz" block. m this 
case, however, there is no ROM used in the address sequence 
address generation. This is performed algorithmically . 
AH the zcell control states are on datapath "b". 
B.9.13.6 Rras' 

This block follows the standard structure and is entirely 
implemented with zcells. The most complex logical function 
IS the 8-bxt incrementer used when rounding up. All other 
logic is fairly simple. All states are scanpath "b". 
B.9.13.7 othar top-level blocks 

There are several other blocks that appear at the top 
level of the IDCT. The snoopers are obviously part of the 
test access logic, as are the JTAG control blocks. There 
are also the two clock generators which do not have any 
special test access (although they support various test 
features,. The block "idctsels" is combinatorial zcell 
logic for decoding microprocessor addresses and the block 
••idctregs" contains the microprocessor accessible event and 
control bits associated with the IDCT. 
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SECTION B. 10 Introduction 
B,10«1 OTttjnri«v of th* Taaporal D«eod«r 

The internal structure of the Temporal Decoder, in 
accordance with the invention, is shown in Figure 14 2 • 
5 All data flow between the bloc)cs of the chip (and much of 

the data flow within blocKs) is controlled by means of the 
usual two-wire interfaces and each of the arrows in Figure 
142 represents a two-wire interface. The incoming token 
stream passes through the input interface 450 which 
,p 10 synchronizes the data from the external system clock to the 

H internal clock derived from the phase-locked- loop 

(phO/phl) . The token stream is then split into two paths 
via a Top Fork 4 51; one stream passes to the Address 
Generator 452 and the other to a 256 word FIFO 453. The 
^ 15 FIFO buffers data while data from previous I or P frames is 

N fetched from the DRAM and processed in the Prediction 

2' Filters 4 54 before being added to the incoming error data 

C!| from the Spatial Decoder in the Prediction Adder 4 55 (P and 

Cl B frames). During MPEG decoding, frame reordering data 

2 0 must also be fetched for I and P frames so that the output 

frames are in the correct order, the reordered data being 
inserted into the stream in the Read Rudder block 456, 

The Address Generator 4 52 generates separate addresses 
for forward and backward predictions, reorder, read and 
25 write-back, the data which is written back being split from 
the stream in the Write Rudder block 457. Finally, data is 
resynchronized to the external clock in the Output 
Interface Block 4 58. 

All the major blocks in the Temporal Decoder are 

3 0 connected to the internal microprocessor interface (UPI) 

bus. This is derived from the external microprocessor 
interface (MPI) bus in the Microprocessor Interface block 
459. This block has address decodes for the various blocks 
in the chip associated with it. Also associated with the 
3 5 microprocessor interface is the ev nt logic. 

The rest of the logic of the Temporal Decoder is 
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concerned primarily with test. First, the lEE 1149.1 
(JTAG) interface 460 provides an interface to internal scan 
paths as well as to JTAG boundary-scan features. Secondly, 
two-wire interface stages which allow intrusive access to 
the data flow via the microprocessor interface while in 
test mode are included at strategic points in the pipeline 
architecture . 
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SECTION B.ll Clocking, Test and Related Issues 
B.Xl.l Clock Regimes 

individual functional blocKs 
.itnin tne CHIP, 1, i3 Helpful to nav. an appreciation o 

curing normal operation, „ost bloclcs of the chip run 
synchronously to the ,i,„al plisyscl. fro» the phase- 
locRed-loop (PLZ,, blocH. The exception to this is the DRA« 
interface whose ti^in, is governed by the need to be 
synchronous to the ifti„e sub-bloc, which generates the 
ORAM control signals (notwe, notoe, notcas, notras, . The 
core Of this bloc, i, cloc.d by the two-phas. non- 
overlapping clccKs cl.o and cl.i, which are derived fro„ 

the r "r 1"°'""" independently fro» 

the PLL ckiO, ckil and clkqo, ckql 

Because the clw, clki ORA« interface clocks are 
asynchronous to the clocks in the rest of the chip 
measures have been taken i-o «i • ■ <="iP' 
oeen taken to eliminate the possibility of 

^etastable behavior (as far as practically possible, at the 
xnterfaces between the DRAM interface and the rest of the 
chxp. The synchronization occurs in two areas: in the 
output interfaces of the ahh. 

^sHrt^r,..^/ o Address Generator 

(addrgen/predread/psgsync. addrge„/ip_wrt./syncie and 
addrger>ip_rd./syncie, and in the blocks which control the 
^swinging., of the swing-buffer RA«s in the ORAM Interface 
(s« section on the ORAM Interface). m each case, the 
synchronization process is achieved by means of three 
.etastable-hard flip-flops in series. It should be noted 

sta" ? -«d in the output 

stages of the Address Generator. 

in addition to these completely asynchronous clock 
regimes, there are a number of separate clock generators 
-hich generate two-phase non-overlapping clocks (pho, phi, 

and dC'="- ™' venerator. Prediction Filters 

-d DRAM interface each have their own clock generators; 
the remainder of the chip is run off a common clock 



543 

generator. The reasons for this are twofold. First, it 
reduces the capacitive load on individual clock generators, 
allowing smaller clock drivers and reduced clock routing 
widths. Second, each scan path is controlled by a clock 
generator, so increasing the number of clock generators 
allows shorter scan-paths to be used. 

It is necessary to resynchronize signals which are driven 
across these- clock-regime boundaries because the minor 
skews between the non-overlapping clocks derived from 
different clock generators could mean that underlap 
occurred at the interfaces. circuitry built into each 
"Snooper" block (see Section B.li.4) ensures that this does 
not occur, and Snooper blocks have been placed at the 
boundaries between all the clock regimes, excepting at the 
front of the Address Generator, where the resynchronization 
is performed in the Token Decode block. 
B.11.2 Control of Clocks 

Each standard clock generator generates a number of 
different clocks which allow operation in normal mode and 
scan-test mode. The control of clocks in scan-test mode is 
described in detail elsewhere, but it is worth noting that 
several of the clocks generated by a clock generator (tpho, 
tphl, tckm, tcks) do not usually appear to be joined to any 
primitive symbols on the schematics. This is because scan 
paths are generated automatically by a post-processor which 
correctly connects these clocks. From a functional point 
of view, the fact that the post-processor has connected 
different clocks from those shown on the schematics can be 
ignored; the behavior is the same. 

During normal operation, the master clocks can be derived 
in a number of different, ways . Table B.li.i indicates how 
various modes can be selected depending on the states of 
the pins pllselect and override. 
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pUs«iect 


ovtrrid€ 


Mode 


0 


0 


pllsysclk is connected directly to e^aernat syscik. 
bypassing tne PLU ORAM Interface cJocks (ckio. ckii. 
ekqO. ckql) are comrotled directly Iron me pins tt ard !q. j 


0 


1 


Override mode - pftO and phi cJocks are ccntroiied ' 
directty from ptf« tphoish and tpftlish: ORAM interface 
clocks (ckiO. ckii. ckqO. ckq1} are ccntroded dtrec::*/ 
from me pins tl and tq. 


1 


0 


Normal operation, pllsysclk rs *j-:e c:ock genera tea :y 'j^e i 
PLL: DRAM Interlace docks are generated by the p*j.. 


1 


1 


Ejtiernal resistors connected to ti ana tq are usea ir.s:eac • 
of the tntemal resistors (debug orAy). 



Tabl« B.ll.l Clock Control Mod«s 



B.X1.3 Thm Tvo-vir« Int«rfac« 

The overall functionality of the two-wire interface is 
described in detail in the Technical Reference. However, 
the two-wire interface is used for all block-to-block 
communication within the Temporal Decoder and most blocks 
consist of a number of pipeline stages, all of which are 
themselves two-wire interface stages. It is, therefore, 
essential to understand the internal implementation of the 
two-wire interface in order to be able to interpret many of 
the schematics. In general, these internal pipeline stages 
are structured as shown in Figure 143. 



545 

Figure 143 shows a latch-logic-latch representation as 
this is the configuration which is normally used. However, 
when a nuxaber of stages are put together, it is equally 
valid to think of a "stage" as being latch-latch-logic (for 
many engineers a more familiar model) . The use of the 
latch-logic-latch configuration allows all inter-block 
communication to be latch to latch, without any intervening 
logic in either the sending or receiving block. 

Referring again to Figure 143, a simple two-wire 
interface FIFO stage can be constructed by removing the 
logic block, connecting the data and valid signals directly 
between the latches and the latched in_valid directly into 
the NOR gate on the input to the in_accept latch in the 
same way as out_valid and out_accept are gated. Data and 
valid signals then propagate when the corresponding accept 
signal is high. By ORing in_valid with out_accept_reg in 
the manner shown, data will be accepted if in_valid in low, 
even if out_accept_reg is low. In this way gaps (data with 
the valid bit low) are removed from the pipeline whenever 
a stall (accept signal low) occurs. 

With the logic block inserted, as shown in Figure 143, 
in^accept and out_valid may also be dependent on the data 
or the state of the block. In the configuration shown, it 
is standard for any state within the block to be held in 
master-slave devices with the master enabled by phi and the 
slave enabled by phO. 
B.1X.4 Snooper Blocks 

Snooper blocks enable access to the data stream at 
various points in the chip via the Microprocessor 
Interface. There are two types of snooper blocks. 
Ordinary Snoopers can only be accessed in test mode where 
the clocks can be controlled directly. "Super Snoopers" 
can be accessed while the clocks are running and contain 
circuitry which synchronizes the asynchronous data from the 
Microprocessor bus to the internal chip clocks. Table 
B.11.2 lists the locations and types of all Snoopers in the 
Temporal Decoder. 



Location 


1 

Tyce 1 


i acc:5efvvec_?toe/snoopr3l 


1 Snoooer ; 


! acdrger/c.-.i^ioe/midsno 


SnooD«r ! 




Snooper i 


! acdfgervcr«creaa/snooDZ4^ 


Snooper ! 


acdrgen/ip^wrC'supea 1 0 


Super Snooper 


adargefv"io_^t2'suoef 1 1 0 


Super Sr\ooper 



Table B.11.2 Snoopers in Temporal Decoder. 



•ype 



oramx/Cfamii/ ifsnoopvsnooozis (fsnp) 
dramz/dramif/if snoops/snooozi S (bsnp) 
dram vdramit/i/snooovsuoer z9 
wrudder/suoerz9 

pnivfwcflVdimpurt^snoopk 1 3 
pnivbwoftt.dtmoufl/snoopk 1 3 
pniVsnoopz9 



Snooper 
Snooper 
Super Snooper 
Suoer Snooper 
Snooper 
Snooper 
Snoooer 



Table B,li.2 Snoopers in Temporal Decoder 



Details on the use of both Snoopers are contained in the 
test section. 



Details of the operation of 
interface are contained in the JTAG document. 



the JTAG 
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SECTION B.12 Functional Blocks 

B.12.1 Top ForX 

The Top Fork, in accordance with the present invention, 
serves two different functions. First, it forks the datl 
stream into two separate streams.: one to the Address 
Generator and the other to the FIFO. Second, it provides 
the means of starting and stopping the chip so that the 
chip can be configured. 

The fork part aspect of the component is very simple. 
The same data is presented to both the Address Generator 
and the FIFO, and has to have been accepted by both blocks 
before an accept is sent back to the previous stage. Thus, 
the valids of the two branches of the fork are dependent on 
the accepts from the other branch. if the chip is in a 
stopped state, the valids to both branches are held low. 

The chip powers up in a state where in_accept is held low 
until the configure bit is set high. This ensures that no 
data is accepted until the user has configured the chip. 
If the user needs to configure the chip at any other time, 
he must set the configure bit and wait until the chip has 
finished the current stream. The stopping process is as 
follows: 

1) If the configure bit has been set, do not 
accept any more data after a flush token has 
been detected by the Top Fork. 

2) The chip will have finished processing the 
stream when the FLUSH Token reaches the Read 
Rudder. This causes the signal seq_done to go 
high . 

3) When seq__done goes high, set an event bit which 
can be read by the Microprocessor. The event 
signal can be masked by the Event block, 

B.12. 2 Address Generator 

In the present invention, the address generator (addrgen) 
is responsible for counting the numbers of blocks within a 
frame, and for generating the correct sequence of addresses 
for DRAM data transfers. The address generator's input is 
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the token stream fro™ th, tcKen input port (via topforR, 
and .ts output to the ORAM interface consists of address^ 
and^otner .nfor„at.on, controi.ed a re,uest.ac.„o„.ed:e 

• block counting and generation of the DRA« block 

address 

■conversion of motion vector data into an address 
offset 

•request and address generator for prediction 
transfers 

•reorder read address generator 
•write address generator 
B. 12. 2.1 ToJcan Decode (tokdec) 

in the ToKen Decoder, to.ens associated with coding 
standards, fra.e and bloc)c information and motion vectors 
are decoded. The information extracted from the stream xs 
stored xn a set of registers which may also be accessed via 
the up.. The detection of a DATA toKen header is signalled 
to subsequent blocKs to enable block counting and address 
generation. Nothing happens when running JPEG. 

Last of tokens decoded: 

■ CODING_STANDARD 

• DATA 

• DEFINE_MAX_SAMPLING 

• DEFINE_SAMPLING 

• H0RI20NTAL_MBS 

• MVD_BACKWARDS 
• MVD_ FORWARDS 
• PICTURE_START 
• PICTURE_TYPE 
• PREDICTION_MODE 

This block also combines information from the request 
generators to control the toggim, of the frame pointers 
and to stall the input stream. The stream is stalled when 

new frame appears at the input (in the form of a 
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PICTURE.START to.en, the writeback or reorder read 

associated with the previous frame is inconplete 
B.ia.j.j MacroblocX counter (mblkcatr) 

The macrobioc. oouhter of the preseht ihvention consists 

vertical position of the macrobiock in the frame and to the 
horizontal and vertical position of the bloc, within the 



At the beginning of time, and on each 
........ ^"^rrive, the counters increment and reset 



S InHh 7 '° -"Ponent number in the to.en header 

by the sl'T is described 

^1 by the sampling registers in the token decoder 

S 15 ' "'""^ ""Pcnent, the counting proceeds as 

[J follows. The horizontal block count is incremented on each 
w"::th f T" " ""^ reaches the 

S MOCK : vertical 

t thrhe!rt 7 until it reaches 

S .0 th!s h -croblock. and then it resets. when 

g this happens, the next color component is expected. Hence 

macrMirr" °' ""^ =0"Ponents in the 

macroblock - the horizontal and vertical size of the 
macroblock, possibly being different for each component 
If. for any component, fewer blocks are received than are 
2. expected, the count will still proceed to the next 
component without error. 

the""'" ""A Token is less than 

the expected value, the horizontal ^4=1^^ oount is 
incremented. ,„ote that this will ei,o occur when more 

than the expected number of blocks annea^ ^ 

"-^ocKs appear for a given color 
component, as the counters win then be expecting a higher 
component index.) This horizontal count is reset when the 
count reaches the picture width in ^acroblocks . This reset 
increments the vertical macroblock count. 

There is a further ability to cmm^- - 

. ^ ^° ^ount macroblocks in H.261 

CIF format. m this case, there 

^ ^ i-nere is an extra level 

hierarchy between macroblocks and the n,<-^. 

the picture called the 



30 



35 
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group of blocks* This is eleven macroblocks wide and three 
deep, and a picture is always two groups wide. The token 
decoder extracts the GIF bit from the PICTURE^TYPE token 
and passes this to the raacroblock counter to instruct it to 
count groups of blocks. Instances of too few or too many 
blocks per component will provoke similar reactions as 
above. 

B. 12.2.3 Block Calculation (blkcalc) 

The Block calculation converts the macroblock and block- 
within-macroblock coordinates into coordinates for the 
block's position in the picture, i.e., it knocks out the 
level of hierarchy. This, of course, has to take into 
account the sampling ratios of the different color 
components. 

B.12.2.4 Base block Address (bsblkadr) 

The information from the blkcalc, together with the color 
component offsets, is used to calculate the block address 
within the linear DRAM address space. Essentially, for a 
given color component, the linear block address is the 
number of blocks down times the width of the picture plus 
the number of blocks long. This is added to the color 
component offset to form the base block address. 
B.12.2.5 Vector Offset (vec_pipe) 

The motion vector information presented by the token 
decoder is in the form of horizontal and vertical pixel 
offset coordinates. That is, for each of the forward and 
backward vectors there is an (x,y) which gives the 
displacement in half-pixels from the block being formed to 
the block from which it is being predicted. Note that 
these coordinates may be positive or negative. They are 
first scaled according to the sampling of each color 
component, and used to form the block and new pixel offset 
coordinates . 

In Figure 145, the shaded area represents the block that 
is being formed. The dotted outline is the block from 
which it is being predicted. The big arrow shows the block 
offset - the horizontal and vertical vector to the DRAM 



block that contains the prediction block's origin - in this 
case (1,4). The small arrow shows the new pixel offset - 
the position of the prediction block origin within i-k . 

offset looks to be (7,2). fi-xei 
The multiplier array vr^arrla then converts the block 
vector Offset into a linear vector offset. The pixel 
information is passed to the prediction request generator 
as an (x,y) coordinate (pix_info) . 
B.12.2.6 Prediction Requests 

The frame pointer, base block address and vector offset 
are added to form the address of the block to be fetched 
from the DRAM (Inblkad3). if the pixel offset is zero 
only one request is generated. if there is an offset in 
either the x OR y dimension, then two requests are 
generated - the original block address and the one either 
immediately to the right or immediately below. with an 
Offset in both X and y. four requests are generated 

synchronization between the chip clock regime and the 
DRAM interface clock regime takes place between the first 
addition (Inblkad3, and the state machine that generates 
the appropriate requests. Thus, the state machine 

(psgstate) is clocked by the DRAM interface clocks, and its 
scanned elements form part of the DRAM interface scan 
Chain . 

B. 12.2. 7 Reorder Read Requests and Write Requests 

AS there is no pixel offset involved here, each address 
IS formed by adding the base block address to the relevant 
frame pointer. The reorder read uses the same frame store 
as the prediction and data is written back to the other 
frame store. Each block includes a short FIFO to store 
addresses as the transfer of read and write data is likely 
to lag the prediction transfer at the corresponding 
a dress. (This is because the read/write data interacts 
with stream further along the chip dataflow than the 
prediction data) . Each block also includes synchronization 
between the chip clock and the DRAM interface clock. 



B.12.2.8 ttmmtm 

The DRAM is configured as two frame stores, each of which 
contains up to three color components. The frame store 
pointers and the color component offsets within each frame 
must be programmed via the upi, 
B«ia.2.9 Snoopers 

In the present invention, snoopers are positioned as 
follows: 

• Between blkcalc and bsblkadr - this interface comprises 
the horizontal and vertical block coordinates, the 
appropriate color component offset and the width of the 
picture in blocks (for that component), 

•After bsblkadr - the base block address. 
•After vec_pipe - the linear block offset, the 
pixel offset within the block, together with 
information on the prediction mode, color component 
and H.261 operation, 

•After Inblk«d3 - the physical block address, as 
described under "Prediction Requests", 

Super snoopers are located in the reorder read and write 
request generators for use during testing of the external 
DRAM. See the DRAM Interface section for all the details. 
B. 12 .2 .10 Scan 

The addrgen block has its own scan chain, the clocking of 
which is controlled by the block's own clock generator 
(adclkgen) , Note that the request generators at the back 
end of the block fall within the DRAM interface clock 
regime. 

B.X2.3 **Prediction Filters 

The overall structure of the Prediction Filters, in 
accordance with the present invention, is shown in Figure 
146. The forward and backward filters are identical and 
filter the MPEG forward and backward prediction blocks. 
Only the forward filter is used in H.261 mode (the h261_on 
input of the backward filter should be permanently low 
because H,261 streams do not contain backward predictions) . 
The entire Prediction Filters block is composed of 
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pipelines f two-wire interface stages. 
A Prediction filter 

Each Prediction Filter acts co.npletely independently of 
the other, processing data as soon as valid data appears at 
its input. It can be seen from Figure 14 7 that a 
Prediction Filter consists of four separate blocks, two of 
which are identical. It is best if the operation of these 
blocks is described independently for MPEG and H.261 
operation. H.261 being the more complex, is described 



y 10 first. 



12.3,1.1 H.261 Operation 

The one-dimensional filter equation used is as follows; 



= 2 —(^^i^6) 



F- = x^{other\^ise) 



This is applied to each row of the 8x8 block by the x 
Prediction Filter and to each column by the y Prediction 

15 Filter. The mechanism by which this is achieved is 
illustrated in Figure 148, which is basically a 
representation of the pfltldd schematic. The filter 
consists of three two-wire interface pipeline stages. For 
the first and last pixels in a row, registers A and C are 

2 0 reset and the data passes unaltered through registers B, D 
and F (the contents of B and D being added to zero) . The 
control of Bx2mux is set so that the output of register B 
is shifted left by one. This shifting is in addition to 
the one place which it is always shifted in any event. 

25 Thus, all values are multiplied by 4 (more of this later) . 
For all other pixels, x-^| is loaded into register C, into 
register B and x^, into register A. It can be seen from 
Figure 148 that the H.261 filter equation is then 
implemented. Because vertical filtering is performed in 
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horizontal groups of three (see notes on the Dimension 
Buffer, below) there is no need to treat the first and last 
pixels in a row differently. The control and the counting 
of the pixels within a row is performed by the control 
logic associated with each l-D filter. It should be noted 
that the result has not been divided by 4. Division by 16 
(shift right by 4) is performed at the input of the 
Prediction Filters Adder (Section B. 12.4.2) after both 
horizontal and vertical filtering has been performed, so 
that arithmetic accuracy is not lost.* Registers DA, DD and 
DF pass control information down the pipeline. This 
includes h2 61_on and last_byte. 

Of the other bloc)cs found in the Prediction Filter, the 
function of the Formatter is merely to ensure that data is 
presented to the x-filter in the correct order. It can be 
seen above that this merely requires a three-stage shift 
register, the first stage being connected to the input of 
register C, the second to register B and the third to 
register A. 

Between the x and y filters, the Dimension Buffer buffers 
data so that groups of three vertical pixels are presented 
to the y-filter. These groups of three are still processed 
horizontally, however, so that no transposition occurs 
within the Prediction Filters. Referring to Figure 149, 
the sequence in which pixels are output from the Dimension 
Buffer is illustrated in Table B.12.1. 



5 5 5 




data if there was no previous block (or if there 
was 

a long gap between blocks.) 

F(x) indicates the function in H.261 filter 
equation . 
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During MPEG operation, a Prediction Filter performs a 
simple half pel interpolation: 

= ^'^^^'"^ (0 < / < B.half p^O 
= x.(0</<7JntegerptfO 



This is the default filter operation unless the h26l_on 
input is low. If the signal dim into a l-D filter is low 
then integer pel interpolation will be performed. 
Accordingly, if h261_on is low and xdim and ydim are low, 
all pixels are passed straight through without filtering. 
It is an obvious requirement that when the dim signal into 
a l-D filter is high, the rows (or columns) will be 8 
pixels wide (or high). This is summarized in Table B.12,2. 
Referring to Figure 148, "l-D Prediction Filter,", the 





xdim 
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MPEG 6x9 block 








MPEG 9x8 SiocK J 




1 • 




MPEG 9x9 crock | 


j . 1 0 
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H.251 Low-oass Piiier ! 


i ' 
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Illegal ; 


1 ' 


i ' 




Illegal 


1 1 


1 ' 




Illegal | 



Table B.12«2 x-D Filter Operation 



operation of the i-D filter is the same for MPEG inter pel 
as it is for the first and last pixels in a row in H 261 
For MPEG half-pel operation, register A is permanently 
reset and the output of register C is shifted left by i 
(the output of register B is always shifted left by i 
anyway). Thus, after a couple of clocks register f 
contains (2B +2C) , four times the required result, but this 
is taken care of at the input of the Prediction Filters 
Adder, where the number, having passed through both x and 
y filters, is shifted right by 4. 

The function of the Formatter and Dimension Buffer are 
also simpler in MPEG. The formatter must collect two valid 
pixels before passing them to the x-filter for half-pel 
interpolation; the Dimension Buffer only needs to buffer 
one row. it is worth noting that after data has passed 
through the x-filter, there can only ever be 8 pixels in a 
row, because .the filtering operation converts 9-pixel rows 
into 8-pixel rows. "Lost" pixels are replaced by gaps in 
the data stream. When performing half-pel interpolation 
the x-filter inserts a gap at the end of each row (after 
every 8 pixels) ; the y-filter inserts 8 gaps at the end of 
the block. This is significant because the group of 8 or 
9 gaps at the end of a block align with DATA Token headers 
and other tokens between DATA Tokens in the stream coming 
out of the FIFO. This minimizes the worst-case throughput 
Of the chip which occurs when 9x9 blocks are being 
filtered. 

B.12.3.2 The Prediction Filters Adder. 

During MPEG operation, predictions may be formed using an 
earlier picture, a later picture, or the average of the 
two. Predictions formed from an earlier frame termed 
forward predictions and those formed from a later frame are 
called backward predictions. The function of the 

Prediction Filters Adder (pfadd) is to determine which 
filtered prediction values are being used (forward, 
backward or both) and either pass through the forward or 
backward filtered predictions or the. average of the two 
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(rounded towards positive infinity) . 

The prediction mode can only change between blocks, i.e., 
at power-up or after the fwd_lst_byte and/or bwd_ist_byte 
signals are active, indicating the last byte of the current 
prediction block. if the current block is a forward 
prediction then only f wd_lst_byte" is examined. If it is a 
backward prediction then only bwd_lst_byte is examined, if 
it is a bidirectional prediction, then both fwd_lst_byte 
and bwd_lst_byte are examined. 

The signals fwd_on and bwd_on determine which prediction 
values are used. At any time, either both or neither of 
these signals may be active. At start-up, or if there is 
a gap when no valid data is present at the inputs of the 
block, the block enters a state when neither signal is 
active . 

Two criteria are used to determine the prediction mode 
for the next block: the signals fwd_ima_twin and 
bwd_ima_twin, which indicate whether a forward or backward 
block is part of a bidirectional prediction pair, and the 
buses fwd_p_numCl:0) and bwd_p_num[ l : o ] . These buses 
contain numbers which increment by one for each new 
prediction block or pair of prediction blocks. These 
blocks are necessary because, for example, if there are two 
forward prediction blocks followed by a bidirectional 
prediction block, the DRAM interface can fetch the backward 
block of the bidirectional prediction sufficiently far 
ahead so that it reaches the input of the Prediction 
Filters Adder before the second of the forward prediction 
blocks. Similarly, other sequences of backward and forward 
predictions can get out of sequence at the input of the 
Prediction Filters Adder. Thus, the next prediction mode 
is determined as follows: 

l)lf valid forward data is present and 
fwd_ima_twin is high, then the block stalls until 
valid backward data arrives with bwd_ima_twin 
set and then it goes through the blocks averaging 
each pair "of prediction values. 



2) If valid backward data is present and 
bwd_iina_twin is high, then the block stalls until 
valid forward data arrives with f wd_iina_twin set 
and then it proceeds as above. If forward and 
backward data are valid together, there is no 
stall. 

3) If valid forward data is present, but 
fwd_iina_twin is not set, then fwd_p_num is 
examined. if this equals the number from the 
previous prediction plus one (stored in 
pred_num) then the prediction mode is set to 
forward. 

4) If valid backward data is present but 
bwd_ima_twin is not set, then bwd_p_num is 
examined. If this equals the number from the 
previous prediction plus one (stored in 
pred_num) then the prediction mode is set to 
backward . 

Note that "early_valid" signals from one stage back in 
the pipeline are used so that the Prediction Filters Adder 
mode can be set up before the first data from a new block 
arrives. This ensures that no stalls are introduced into 
the pipeline. 

The ima_twin and pred_num signals are not passed along 
the forward and backward prediction filter pipelines with 
the filtered data. This is because: 

1) These signals are only examined when 
fwd_lst_byte and/or bwd_lst_byte are valid. 
This saves about 25 three-bit pipeline stages in 
each prediction filter. 

2) The signals remain valid throughout a block 
and, therefore, are valid at the time when 

f wd_lst_byte 

and/or bwd_lst_byte reach the Prediction Filters 
Adder . 

3) The signals are examined a clock before data 
arrives anyway. 



B.12.4 Prediction Adder and FIFO 

The prediction adder (padder) 'forms the predicted frame 
by adding the data from the prediction filters to the error 
data. TO compensate for the delay from the input through 
the address generator, DRAM interface and prediction 
filters, the error data passes through a 256 word FIFO 
(sfifo) before reaching padder. 

The CODING_STANDARD, PREDICTION_MODE and DATA Tokens are 
decoded to determine when a predicted block is being 
formed. The 8-bit prediction data is added to the 9-bit 
two's complement error data in the DATA Token. The result 
is restricted to the range 0 to 255 and passes to the next 
block. Note that this data restriction also applies to all 
mtra-coded data, including JPEG. 

The prediction adder of the present invention also 
includes a mechanism to detect mismatches in the data 
arriving from the FIFO and the prediction filters. in 
theory, the amount of data from the filters should exactly 
correspond to the number of DATA Tokens from the FIFO which 
involve prediction. m the event of a serious malfunction, 
however, padder will attempt to recover. 

The end of the data blocks from the FIFO and filters are 
marked, respectively, by the in_extn and fl_last inputs. 
Where the end of the filter data is detected before the end 
of the DATA Token, the remainder of the token continues to 
the output unchanged. If, on the other hand, the filter 
block is longer than the DATA Token, the input is stalled 
until all the extra filter data has been accepted and 
discarded. 

There is no snooper in either the FIFO or the prediction 
adder, as the chip can be configured to pass data from the 
token input port directly to these blocks, and to pass 
their output directly to the token output port. 
B.12.S Write and Read Rudders 
B.I2.S.1 The Write Rudder (wrudder) 

The Write Rudder passes all tokens coming from the 
Prediction Adder on to the Read Rudder. It also passes all 



tn H ^ r ' " P^"-- - data blocks 

--^-"al fraxne stores under the control of 
the Address Generator. All the primary functionality is 
contained within one two-wire interface stage, although the 
wrxte-back data passes through a snooper on its way to the 
DRAM interface. 

The Write Rudder decodes the following tokens: 



Token Nzmm 


Function in Wriie fludoef 


COOING_STANDARO 


Wnt*-5«ck is inhibi'tttd for JPEG streams. 


PICTURE.TYPE 


Wnte-bJcJc only occurs in I end P frames, not 9 frames. 


DATA 


On»y dau within DATA totcens is wrinen oack. 



B.12.3 Tokens Decoded by the Write Rudder 

After the DATA Token header has been detected, all data 
bytes are output to the DRAM Interface. The end of the 
DATA Token is detected by in_extn going low and this causes 
a flush Signal to be sent to the DRAM Interface swing 
buffer. In normal operation, this will align with the 
point When the swing buffer would swing anyway, but if the 
DATA Token does not contain 64 bytes of data this provides 
a recovery mechanism (although it is likely that the next 
few output pictures would be incorrect) 
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Thm RMd Rudd r (rniddar) 

The Read Rudder of the present invention has three 
functions^ the two major ones relating to picture sequence 
reordering in MPEG: 

1) To insert data which has been read-back from 
the external frame store into the token stream 
at the correct places. 

2) To reorder picture header information in I 
and P pictures. 

3) To detect the end of a token stream by 
detecting the FLUSH token (see Section B.12.1, 
"Top Fork") . 

The structure of the Read Rudder is illustrated in 
Figure 150. The entire block is made from standard two- 
wire interface technology. Tokens in the input interface 
latches are decoded and these decodes determine the 
operation of the block: 



! Token Name 


Pupcoon in Read fludcsef 


i FLUSH 


1 StQnals to Too Fork. 


i COOING.STANDARD ' 


1 Reordering is innibited \i the codmg standard is not MPSQ. 


i SEQUENCE.START 


The read-bacK data tor me first oicture of a reordered secuerce 3 :r.vai«d. 


; PICTURE.START 

i 


Signals tnai '^e current cutout PlrQ must ee swacced (i or ? ;:c:vf es) 
The first of tne oicture header tokens. 


■■ PICTURE.END 


All tokens aeove tne peture layer are allowed tnrougn 


TEMPORTAL.REFERENCE 


The second of the picture neader tokens. 


PICTURE.TYPE 


The tnirs of the siciure header tokens. 


DATA 


When reordering. Lhe contents of DATA tc«ers a:s rer arsr 
recrderei ;a*j. 



Table B.12.4 T kens dec d d by the Read Rudder 



The reorder function is turned on via the Microprocessor 
interface, but is inhibited if the coding standard is not 
MPEG, regardless of the state of the register. The same 
MPI register controls whether the Address Generator 
generates a reorder address and thus, reorder is an output 
from this block. To understand how the Read Rudder works 
consider the input and output control logic separately' 
bearing in mind that the sequence of tokens is as follows:' 
CODING_STANDA.RD 
SEQUENCE_START 
PICTURE_START 
TEMPORAL_REFERENCE 
PICTURE_TYPE 

Picture containing DATA Tokens and other tokens 
PICTURE_END 

PICTURE_START 

B. 12 .5.2.1 Input Control Lag -ir- 

From the power-up, all tokens pass into FIFO l (called 
the current input FIFO) until the first PICTURE_TYPE token 
for an I or P picture is encountered. FIFO 2 then becomes 
the current input FIFO and all input is directed to it 
until the next PICTURE_TYPE for an I or P picture is 
encountered and FIFO i becomes the current input FIFO 
again. within I and P pictures, all tokens between 
PICTURE_TYPE and PICTURE.END, except DATA Tokens, are 
discarded. This is to prevent motion vectors, etc. from 
being associated with the wrong pictures in the reordered 
stream, where they would have no meaning. 

A three-bit code is put into the FIFO, along with the 
token stream, to indicate the presence of certain token 
headers. This saves having to perform token decoding on 
the output of the FIFOs. 
B.12.S.2.2 output Control Logic 

From the power-up, tokens are accepted from FIFO 1 
(called the current output FIFO) until a picture start code 



1= encountered, „ter wnich riro 2 becomes the current 
output riro. Referring .,c. to section 5... 1 it^n 

Picxr. TrTj' "^'^ He,d,r'to.en : 

PICTbRE_START, TEMPORAL REFFOFMrr- 

- '^'^^wKAi._REFERENCE and PICTURE START are 

retained in FIFO i tii« are 

1. The current output FIFO is swapped 
every time a picture star-i- swappea 
P f rLo ^ P^=ture start code is" encountered in an I or 

stor H Picture header to.ens are 

stored until. the next I or P frame, at which time they will 
become associated with the correctly reordered data. B 
Pictures are not reordered and. hence, pass through without 
any tokens being discarded. All tokens in the first 
picture, including PICTURE_END are discarded. 

During I and P pictures, the data contained in DATA 
Tokens in the token stream is replaced by reordered data 
from the DRAM Interface. During the first picture 

reordered" data is still present at the reordered data 
input because the Address Generator still requests the DRAM 
Interface to fetch \r tk ^ ^ « 

^^^^ considered garbage and is 

discarded. 



SECTION B.13 The DfL\M Interface 

B.13.1 Overview 

in the present invention, the Spatial Decoder. Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
block for that particular chip. m all three devices the 
function Of the DRAM Interface is to transfer data from the 
Chip to the external DRAM and from the external DRAM into 
the Chip Via block addresses supplied by an address 
generator . 

The DRAM Interface typically operates from a clock which 
IS asynchronous to both the address generator and to the 
Clocks Of the various blocks through which data is passed 

This asynchronism is readily managed, however, because the 
Clocks are operating at approximately the same frequency 

Data IS usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 64 bytes (the only 
exception being prediction data in the Temporal Decoder) 
Transfers take place by means of a device known as a "swing 
T 17". '''' essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. a separate bus which 
carries an address from an address generator is associated 
With each swing buffer. 

Each of the Chips has four swing buffers, but the 
function Of these swing buffers is different in each case 
In the spatial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
intra or Predicted picture data to the DRAM, the second to 
read Intra or Predicted data from the DRAM and the other 
two to read Intra or Predicted data from the DRAM and the 
other two to read forward and backward prediction data. In 
the video Formatter, one swing buffer is used to transfer 
data to the DRAM and the other three are used to read data 



fro« the DRAM, one of each of Luminance (Y) and the Red and 
Blue col r difference data (Cr and Cb respectively) • 

The operation of the generic features of the DRAM 
Interface is described in the Spatial Decoder document. 
The following section describes the features peculiar to 
the Temporal Decoder* 

B.X3.2 The Temporal Decoder DRAM Interface 

As mentioned in section B,l3,l, the Temporal Decoder has 
four swing buffers: two are used to read and write decoded 
Intra and Predicted (I and P) picture data and these 
operate as described above. The other two are used to 
fetch prediction data. 

In general, prediction data will be offset from the 
position of the block being processed as specified by 
motion vectors in x and y. Thus, the block of data to be 
fetched will not generally correspond to the block 
boundaries of the data as it was encoded (and written into 
the DRAM). This is illustrated in Figures 151 and 25, 
where the shaded area represents the block that is being 
formed. The dotted outline shows the block from which it 
is being predicted. The address generator converts the 
address specified by the motion vectors to a block offset 
(a whole number of blocks), as shown by the big arrow, and 
a pixel offset, as shown by the little arrow. 

In the address generator, the frame pointer, base block 
address and vector offset are added to form the address of 
the block to be fetched from the DRAM, If the pixel offset 
is zero, only one request is generated. If there is an 
offset in either the x or y dimension, then two requests 
are generated - the original block address and the one 
either immediately to the right or immediately below, with 
an offset in both x and y, four requests are generated. 
For each block which is to be fetched, the address 
generator calculates start and stop addresses parameters 
and passes these to the DRAM interface. The use of these 
start and stop addresses is best illustrated by an example, 
as outlined below. 
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Consider a pixel offs t of (l, l) , as illustrated by the 
shaded area in Fig. 152 and Fig. 26. The address generator 
makes four requests, labelled A through D in the figure. 
The problem to be solved is how to provide the required 
sequence of row addresses quickly. The solution is to use 
"start/stop" technology, and this is described below. 

Consider block A in Figure 152. Reading must start at 
position (1, 1) and end at position (7, 7). Assume for the 
moment that one byte is being read at a time (i.e. an 8 bit 
DRAM Interface) . The x value in the coordinate pair forms 
the three LSBs of the address, the y value the three MSBs. 
The X and y start values are both 1, giving the address 9. 
Data is read from this address and the x value is 
incremented. The process is repeated until the x value 
reaches its stop value. At this point, the y value is 
incremented by 1 and the x start value is reloaded, giving 
an address of 17. As each byte of data is read, the x 
value is again incremented until it reaches its stop value. 
The process is repeated until both x and y values have 
reached their stop values. Thus, the address sequence of 
9, 10, 11, 12, 13, 14, 15, 17, 23 , 25, 31, 33, 

. • . , • . • , 57 , . . • , 63 is generated . 

In a similar manner, the start and stop coordinates for 
block B are: (1, 0) and (7, 0), for block C: (0,1) and 
(0,7), and for block D: (0, 0) and (0, 0). 

The next issue is where this data should be written. 
Clearly, looking at block A, the data read from address 9 
should be written to address 0 in the swing buffer, the 
data from address 10 to address 15 in the swing buffer, and 
so on. Similarly, the data read from address 8 in block B 
should be written to address 15 in the swing buffer and the 
data from address 16 into address 15 in the swing buffer. 
This function turns out to have a very simple 
implementation as outlined below. 

Consider block A. At the start of reading, the swing 
buffer address register is loaded with the inverse of the 
stop value, the y inverse stop value forming the 3 MSBs and 
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the X inverse stop value forming the 3 LSBs. in this case 
whxle the DRAM Interface is reading address 9 in the 
external DRAM, the swing buffer address is zero. The swing 
buffer address register is then incremented as the external 
DRAM address register is incremented, as illustrated in 
Table B.13.1: 

Table B.13.1 Illustration of Prediction Addressing 




I 00; 001 



The discussion thus far has centered on an 8 bit DRAM 
interface. m the case of a 16 or 32 bit interface, a few 
mxnor modifications must be made. First, the pixel offset 
vector must be "clipped" so that it points to a 16 or 32 
bit boundary. in the example we have been using, for block 
A, the first DRAM read will point to address 0, and data in 
addresses 0 through 3 will be read. Next, the unwanted 
data must be discarded. This is performed by writing all 
the data into the swing buffer (which must now be 
Physically bigger than was necessary in the 8 bit case) and 
reading with an offset. when performing MPEG half-pel 
interpolation, 9 bytes in x and/or y must be read from the 
DRAM interface. In this case, the address generator 
provides the appropriate start and stop addresses and some 
additional logic in the DRAM Interface is used, but there 
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is no fundamental change in the way the DRAM Interface 
operates . 

The final point to note about the Temporal Decoder DRAM 
Interface is that additional information must be provided 
to the prediction filters to indicate what processing is 
required on the data. This consists of the following: 

■a "last byte" signal indicating the last byte of a 

transfer (of 64, 72 or 81 bytes) 

• an H. 261 flag 

• a bidirectional prediction flag 

■two bits to indicate the block's dimensions (8 or 9 
bytes in x and y) 

•a two bit number to indicate the order of the blocks 
The last byte flag can be generated as the data is read 
out of the swing buffer. The other signals are derived 
from the address generator and are piped through the DRAM 
Interface so that they are associated with the correct 
block of data as it is read out of the swing buffer by the 
prediction filter block. 



an 



SECTION B.14 UPI Documentation 
B . 14 . 1 Introduction 

This document is intended to give the reader 
appreciation of the operation of the microprocessor 
interface in accordance with the present invention. The 
interface is basically the same on both the SPATIAL DECODER 
and the Temporal Decoder, the only difference being the 
number of address lines. 

The logic described here is purely the microprocessor 
internal logic. The relevant schematics are: 

UPI 

UPIlOl 

UPI102 

DINLOGIC 

DINCELL 

UPIN 

TDET 

NONOVRLP 
WRTGEN 
READGEN 
VREFCKT 

The circuits UPI, UPIlOl, UPI102 are all the same except 
that the UPIOI has a 7 bit address input with the 8th bit 
hardwired to ground, while the other two have an 8 bit 
address input. 

Input/Outpufe Signals 

The signals described here are a list of all the inputs 
and outputs (defined with respect to the UPI) to the UPI 
module with a note detailing the source or destination of 
these signals: 

- NOTRSTInputGlobal chip reset, active low, from Pad 
Input Driver 

ElInputEnable signal 1, active low, from the Pad 
Input Driver (Schmitt) . 

E21nputEnable signal 2, active low, from the Pad 
Input Driver (Schmitt). 

RNOTWinputRead not Write signal from the Pad Input 



Driver (Schmitt) . 

ADDRIN[7:0]InputAddress bus signals from the Pad 
Input Drivers (Schmitt) . 

NOTDINt7:0]Inputlnput data bus from the Input Pad 
Drivers of the Bi-directional Microprocessor Data 
pins (TTLin) . 

INT_RNOTWOutputThe Internal Read not Write signal to 
the internal circuitry being accessed by 
microprocessor interface (See memory map). 
INT_ADDR[7:0)OutputThe Internal Address Bus to all 
the circuits being accessed by the microprocessor 
interface (See memory map) . 

INTDBUS[7:0] Input /OutputThe Internal Data bus to all the 
circuits being accessed by the microprocessor interface 
(See the memory map) and also the microprocessor data 
output pads. The internal Data bus transfers data which is 
the inverse to that on the pins of the chip. 

READ_STROutputAn is an internal timing signal which 
indicates a read of a location in the device memory map. 

WRITE_STROutputAn is an internal signal which indicates 
a write of a location in the internal memory map. 

TRISTATEDPADOutputAn is an internal signal which connects 
to the microprocessor data output pads which indicates that 
they should be tristate. 
Genera l ernimi enta : 

The UPI schematic • consists of 6 smaller modules- 
NONOVRLP, UPIN, DINLOGIC, VREFCKT, READGEN, WRTGEN. It 
Should be noted from the overall list of signals that there 
are no clock signals associated with the microprocessor 
interface other than the microprocessor bus timing signals 
which are asynchronous. to all the other timing signals on 
the chip. Therefore, no timing relationship should be 
assumed between the operation of the microprocessor and the 
rest of the device other than those that can be forced by 
external control. For example, stopping of the System 
clock externally while accessing the microprocessor 
interface on a test system. 



The other implication of not having a clock in the UPI is 
that some internal timing is self timed. That is, the 
delay of some signals is controlled internally to the UPI 
block. 

The overall function of the UPI is to take the address, 
data and enable and read/write signals from the outside 
world and format them so that they can drive the internal 
circuits correctly. The internal signals that define 
access to the memory map are INT_RN0TW_INT_ADDR[ . . . ] , 
INTDBUS[...] and READ_STR and WRITE_STR. The timing 
relationship of these signals is shown below for a read 
cycle and a write cycle. it should be noted that although 
the datasheet definition and the following diagram always 
shows a chip enable cycle, the circuit operation is such 
that the enable can be held low and the address can be 
cycled to do successive read or write operations. This 
function is possible because of the address transition 
circuits . 

Also, the presence of the INT_RNOTW and the READ STR, 
WRITE_STR does reflect some redundancy. It allows internal 
circuits to use either a separate READ_STR and WRITE_STR 
(and ignore INT_RNOTW) or to use the INT_RNOTW and a 
separate Strobe signal (Strobe signal being derived from OR 
of READ_STR and WRITE_STR) . 

The internal databus is precharged High during a read 
cycle and it also has resistive pullups so that for 
iextended periods when the internal data bus is not driven 
it will default to the OXFF condition. As the internal 
databus is the inverse of the data on the pins, this 
translates to 0x00 on the external pins, when they are 
enabled. This means that, if any external cycle accesses 
a register or a bit of a register which is a hole in the 
memory map, then the output data id determinate and is Low. 

Circuit Details : 

UPIN - 

This circuit is the overall change detect block. It 
contains a sub-circuit called TDET which is a single bit 



change detect circuit. UPIN has a TDET module for each 
address bit and rnotw and for each enable signal. uPIN 
also contains some combinatorial logic to gate together the 
outputs of the Change detect circuits. This gating 
generates the signals: 

TRAN- which indicates a transi-tion on one of the 

input signals, and 

UPD-DONE- Which indicates that transitions have been 
completed and a cycle can be performed. 

CHIP_EN- which indicates that the chip has been selected 
TD5T - 

This is the single bit change detect circuit. it 
consists of a 2 latches, and 2 exclusive OR gates. The 
first latch is Clocked by the signal SAMPLE and the second 
by the Signal UPDATE. These two non-overlapping signals 
come from the module NONOVRLP . The general operation is 
such that an input transition causes a CHANGE which in 
turn, causes a SAMPLE. All input changes while SAMPLE is 
high are accepted and when input changes cease then CHANGE 
goes low and SAMPLE goes low which causes UPDATE to go high 
Which then transfers data to the output latch and indicates 
i;PD_DONE. 

NONOVRLP- 

This circuit is basically a non-overlapping clock 
generator which inputs TRAN and generates SAMPLE and 
UPDATE. The external gating on the output of UPDATE stops 
UPDATE from going high until a write pulse has been 
completed . 

DINLOGIC- 

This module consists of eight instances of the data input 
circuit DINCELL and some gating to drive the TRISTATEPAD 
signal. This indicates that the output data port will only 
drive if Enablel is low, Enable2 is low, RnotW is high and 
the internal read_str is high. 

DINCZLL- 

This circuit consists of the data input latch and a 
tristate driver fo drive the internal databus. Data from 



the input pad is latched when the signal DATAHOLD is high 
and when both Enablel and Enable2 are low. The tristate 
driver drives the internal data bus whenever the internal 
signal INT_RNOTW is low. The internal databus precharge 
transistor and the bus pu-llup are also included in this 
module. 
(^RTCEN- 

This module generates the WRITE_STR, and the latch signal 
DATAHOLD for the data latches. The write strobe is a self 
timed signal, however, the self time delay is defined in 
the VREFCKT. The output from the timing circuit RESETWRIte 
is used to terminate the WRITE_STR signal. It should be 
noted that the actual write pulse which writes a register 
only occurs after an access cycle is concluded. This is 
because the data input to the chip is sampled only on the 
back edge of the cycle. Hence, data is only valid after a 
normal access cycle has concluded. 

READGEN- 

This circuit, as its name suggests, generates the 
READ_STR and it also generates the PRECH signal which is 
used to precharge the internal databus. The PRECH signal 
is also a self timed signal whose period is dependant on 
VREFCKT and also on the voltage on the internal databus. 
The READ_STR is not self timed, but lasts from the end of 
the precharge period until the end of the cycle. The 
precharge circuitry uses inverters with their transfer 
characteristic biased so that they need a voltage of 
approximately 75% of supply before they invert. This 
circuit guarantees that the internal bus is correctly 
precharged before a READ_STR begins. In order to stop a 
PRECH pulse tending to zero width if the internal bus is 
already precharged, the timing circuit guarantees a 
minimum, width via the signal RESETREAD. 
VREFCKT- 

The VREFCKT is the only circuit which controls the self 
timing of the interface. Both the delays, 1/width of 
WRITE_STR and 2 /Width of PRECH, are controlled by a current 
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through a P transistor. The gate on this P transistor 
controlled by a signal vreF and 'this voltage is set by 
diffusion resistor of 25K ohm. 
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SECTION C.l Overview 
C. 1. X. latroduotion 

The structure of the image Formatter, in accordance with 
the present invention, is shown in Figure 155. There are 
two address generators, one for writing and one for 
reading, a buffer manager which supervises the two address 
generators and which provides frame-rate conversion, a data 
processing pipeline, including both vertical and horizontal 
unsamplers, color-space conversion and gamma correction, 
and a final control block which regulates the output of the 
processing pipeline. 
C.1.2 Buffer manager 

Tokens arriving at the input to the Image Formatter are 
buffered in the FIFO and then transferred into the buffer 
manager. This block detects the arrival of new pictures 
and determines the availability of a buffer in which to 
store each picture. If there is a buffer available, it is 
allocated to the arriving picture and its index is 
transferred to the write address generator. If there is no 
buffer available, the incoming picture will be stalled 
until one becomes available. All tokens are passed on to 
the write address generator. 

Each time the read address generator receives a VSYNC 
signal from the display system, a request is made to the 
buffer manager for a new display buffer index. If there is 
a buffer containing complete picture data, and that picture 
is deemed ready for display, then that buffer's index will 
be passed to the display address generator. If not, the 
buffer manager sends the index of the last buffer to be 
displayed. At start-up, zero is passed as the index until 
the first buffer is full. 

A picture is ready for display if its number (calculated 
as each picture is input) is greater than or equal to the 
picture number which is expected at the display 
(presentation number) given the encoding frame rate. The 
expected number is determined by counting picture clock 



pulses. Where picture clock can be generated either locally 
by the clock dividers, or externally. This technology 
allows frame-rate conversion (e.g., 2-3 pull-down). 

External DRAM is used for the buffers, which can be 
either two or three in number. Three are necessary if 
frame-rate conversion is to be effected. 
C.1.3 Write Address Generator 

The write address generator receives tokens from the 
buffer manager and detects the arrival of each new DATA 
Token. As each DATA Token arrives, the address generator 
calculates a new address for the DRAM interface for storing 
the arriving block. The raw data is then passed to the 
DRAM interface where it is written into a swing buffer. 
Note that DRAM addresses are block addresses, and pictures 
in the DRAM or organized as rasters of blocks. Incoming 
picture data, however, is actually organized sequences of 
macroblocks, so the address generation algorithm must take 
into account line-width (in blocks) offsets for the lower 
rows of blocks within the macroblock. 

The arrival buffer index provided by the buffer manager 
is used as an address offset for the whole of the picture 
being stored. Furthermore, each component is stored in a 
separate area within the specified buffer, so component 
offsets are also used in the calculation. 
C.1.4 Read Address Generator 

The Read Address Generator (dispaddr) does not receive 
or generate tokens, it generates addresses only. in 
response to a VSYNC, it may, depending on field_info, 
read_start, sync_mode, and lsb_invert, request a buffer 
index from the buffer manager. Having received an index, 
it generates three sets of addresses, one for each 
component, for the current picture to be read in raster 
order. Different setups allow for: interlaced/progressive 
display and/or data, vertical unsampling, and field 
synchronization (to an interlaced display) . At the lower 
level, the Read Address Generator converts base addresses 
into a sequence of block addresses and byte counts for each 



578 



10 



15 



of the three components that are compatible with the page 
structure of the DRAM. The addresses provided to the DRAM 
interface are page and line addresses along with block 
start and block end counts. 
C.1.5 Output Pipeline 

Data from the DRAM interface feeds the output pipeline. 
The three component streams are first vertically 
interpolated, then horizontally interpolated. Following 
the interpolators, the three components should be of equal 
ratios (4:4:4), and are passed through the color-space 
converter and color lookup tables/gamma correction. The 
output interface may hold the streams at this point until 
the display has reached an HSYSC. Thereafter, output 
controller directs the three components into one, two or 
three 8-bit buses, multiplexing as necessary. 
C.1.6 Timing Regimes 

There are basically two principal timing regimes 
associated with the Image Formatter. First, there is a 
system clock, which provides timing for the front end of 
the chip (address generators and buffer manager, plus the 
front end of the DRAM interface). Second, there is a pixel 
clock Which drives all the timing for the back end (DRAM 
interface output, and the whole of the output pipeline). 
Each of the two aforementioned clocks drives a number of 
25 on-chip clock generators. The FIFO, buffer manager and 
read address generator operate from the same clock (D*) 
with the write address generator using a similar, but 
separate clock (W*). Data is clocked into the DRAM 
interface on an internal DRAM interface clock, {out#) . Dt, 
W* and out* are all generated from syscik. 

Read and write addresses are clocked in the DRAM 
interface by the DRAM interface's own clock. 

Data is read out of the DRAM interface on bifR*, and is 
transferred to the section of the output pipeline named 
"bushy_ne" (north-east - by virtue of its physical 
location) which operates on clocks denoted by NE*. The 
section of the pipeline from the gamma raMs onward is 
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Clocked on a separate, but similar, clock (R#) . bifR#, ne* 
and R* are all derived from the pixel clock, pixin. 

For testing, all of the major interfaces 'between blocks 
have either snoopers or super-snoopers attached. This 
depends on the timing regimes and the type of access 
required. Block boundaries between separate, but similar 
timing regimes have retiming latches associated therewith. 
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SECTION C.2 Buffer Management 
Introduction 

The purpose of the buffer management block, in accordance 
with the present invention, is to supply the address 
generators with indices identifying any of either two or 
three external buffers for writing and reading of picture 
data. The allocation of these indices is influenced by 
three principal factors, each representing the effect of 
one of the timing regimes in operation. These are the rate 
at which picture data arrives at the input to Image 
Formatter (coded data rate) , the rate at which data is 
displayed (display data rate) , and the frame rate of the 
encoded video sequence (presentation rate) . 
Functional Overview 
A three-buffer system allows the presentation rate and 
the display rate to differ (e.g., 2-3 pulldown), so that 
frames are either repeated or skipped as necessary to 
achieve the best possible sequence of frames given the 
timing constraints of the system. Pictures which present 
some difficulty in decoding may also be accommodated in a 
similar way, so that if a picture takes longer than the 
available display time to decode, the previous frame will 
be repeated while everything else "catches up". in a two- 
buffer system, the three timing regimes must be locked - it 
is the third buffer which provides the flexibility for 
taking up the slack. 

The buffer manager operates by maintaining certain status 
information associated with each external buffer. This 
includes flags indicating if the buffer is in use, if it is 
•full of data, or ready for display, and the picture number 
within the sequence of the picture currently stored in the 
buffer. The presentation number is also recorded, this 
being a number which increments every time a picture clock 
pulse is received, and represents the picture number which 
is currently expected for display based on the frame rate 
of the encoded sequence. 
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An arrival buffer (a buffer to which incoming data will 
be written) is allocated every ti.e a PICTURE_START token 
xs defected at the input. This buffer is the^ flagged as 
IN_LSE. on PrcTURE_END, the arrival buffer win be de- 
allocated (reset to zero) and the' buffer flagged as either 
FULL or READY depending on the relationship between the 
picture number and the presentation number. 

The display address generator requests a new display 
buffer, once every vsync, via a two-wire interface. if 
there is a buffer flagged as READY, then that will be 
allocated to display by the buffer manager. If there is no 
READY buffer, the previously displayed buffer will be 
repeated. 

Each time the presentation number changes, it is detected 
and every buffer containing a complete picture is tested 
for READY-ness by examining the relationship between its 
picture number and the presentation number. Buffers are 
considered in turn. When any of the buffers are deemed to 
be READY, this automatically cancels the RtADY-ness of any 
buffer which was previously flagged as READY. The previous 
buffer is then flagged as EMPTY. This works because later 
picture numbers are stored, by virtue of the allocation 
scheme, in the buffers that are considered later. 

TEMPORAL_REFERENCE tokens in H.261 cause a buffer's 
picture number to be modified if skipped pictures in the 
input stream are indicated. This feature, although 
envisioned, is not currently included, however. Similarly 
TEMPORAL-REFERENCE tokens in MPEG have no effect. 

A FLUSH token causes the input to stall until every 
buffer is either EMPTY, or has been allocated as the display 
buffer. Thereafter, presentation number and picture number 
are reset and a new sequence can commence. 
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C.2.3 Architecture 

C.2.3.1 Interfaces 

c.2.3. 1.1. interfaeft to bm front- 

All data is input to the buffer manager from the input 
FIFO, bm_front. This transfer takes place via a two-wire 
interface, the data being 8 bits wide plus an extension 
bit. All data arriving at the buffer manager is guaranteed 
to be a complete token. This is a necessity for the 
continued processing of presentation numbers and display 
buffer requests in the event of significant gaps in the 
data upstream. 

C.2.3. 1.2 Interface to waddraen 

Tokens (8 bit data, l bit extension) are transferred to 
the write address generator via a two-wire interface. The 
arrival buffer index is also transferred on the same 
interface, so that the correct index is available for 
address generation at the same time as the PICTURE_START 
token arrives at waddrgen. 
C.2.3. 1.3 Interface to dispaddr 

The interface to the read address generator comprises two 
separate two-wire interfaces which can be considered to act 
as "request" and "acknowledge" signals, respectively. 
Single wires are not adequate, however, because of the two 
two-wire-based state machines at either end. 

The sequence of events normally associated with the 
dispaddr interface is as follows. First, dis-paddr invokes 
a request in response to a vsync from the display device by 
asserting the drq_valid input to the buffer manager. Next, 
when the buffer manager reaches an appropriate point in its 
state machine, it will accept the request and go about 
allocating a buffer to be displayed. Thereafter, the 
disp_valid wire is asserted, the buffer index is 
transferred, and this is typically accepted immediately by 
dispaddr. Furthermore, there is an additional wire 
associated with this last two-wire interface (rst_fld) 
which indicates that the field number associated with the 
current index must be reset regardless of the previous 
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field number. 

C.2 ,3 .1.4 Microprocessor Interface 

The buffer manager block uses four bits of microprocessor 
address space, together with the 8-bit data bus and read 
and write strobes. There are two select signals, one 
indicating user-accessible locations and the other 
indicating test locations which should not require access 
under normal operating conditions. 
C.2.3.1.S Eventa 

The buffer manager is capable of producing two different 
events, index found and late arrival. The first of these 
is asserted when a picture arrives and its PICTURE_START 
extension byte (picture index) matches the value written 
into the BU_BM_TARGET_IX register at setup. The second 
event occurs when a display buffer is allocated and its 
picture number is less than the current presentation 
number, i.e., the processing in the system pipeline up to 
the buffer manager has not managed to keep up with the 
presentation requirements. 
C.2. 3. 1.6 Picture clock 

In the present invention, picture clock is the clock 
signal for the presentation number counter and is either 
generated on-chip or taken from an external source 
(normally the display system) . The buffer manager accepts 
both of these signals and selects one based on the value of 
P'^^^-®^'^ (a in the buffer manager's control register). 

This signal also acts as the enable for the pad picoutpad, 
so that if the Image Formatter is generating its own 
picture clock, this signal is also available as an output 
from the chip. 
C.2. 3. 2. Major Blocks 

The following sections describe the various hardware 
blocks that make up the buffer manager schematic (bmlogic) . 
C.2. 3. 2.1 in out/OutBut block fbm inp ufc) 

This module contains all of the hardware associated with 
the four two-wire interfaces of the buffer manager (input 
and output data, drq_valid/accept and disp_valid/accept) . 
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The input data register is shown, together with 

decoding hardware attached thereto IZ ^ 
i-H^ A ^ '-nereco. The signal vheader at 

the xnput to b„_t=.de= is used to ensure that the to," 
decodet outputs =,„ onXy he asserted at a point Che", , 

lo the r T " ""^ registers, adjacent 

to the duplicate input data registers tor the next .io=. in 
the Pipeline. This accounts for ti»in, differences due to 
different cloc. ,enerators . signals ,o and n,o are based 

are".. ::ru" \;rth""tr°""^ '° " 

ngea up at either the input or the output 
^irTiTT" """" " comprises the t„o- 

for data '^"'^'''"^ -^hals as 

sZnT n- T "'^P'"' ^""9 a 

he!n hil f ^' """^ disp.valid has 

been hi,h for one cycle. Thereafter, it is reset. m 

TiTlf ll ' "used 

or IN ushI".V"'' " "^''^^ " "-"V 

whlcn both picture numbers and presentation nu«ber are 



reset 

There is a 



^"^^^ amount of additional circuitry 
associated with the input data register which appears at 
the next level up the hierarchy. This circuitry produces 
a s.gnal which indicates that the input data register 
contains a value eaual t-r, 

,^ . ^ ^^'^^ written into BU BM TARGIX 

and It IS used for event generation. ~ " 

^'2.3.2.2 Index blocJc fbm ir.M^^^ 

.JaT '"!r ""^'^'^ "^'"^^ °' '-^'^ "^i-ters 

denoting the various strategic buffer indices. These ar- 
arr_buf, the buffer to which s^yi.ri 

•rirro ^- u . arriving picture data is being 

-ritten, disp_buf, the buffer frnm ^ ■ 

b^ir^r, ^ . ^- Which picture data is 

being read for display, and rrtvr w * 

h,,^^ ^ ^ rdy_buf, the index of the 

buffer containing the most up to Haf-» 

. .. , "P to date picture which could 

be displayed if a buffer was reaue.!^oH u ^■ 

* requested by dispaddr. There 
is also a register containing buf ■ 

^ '.'"t_ix, which IS used as a 
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general pointer to a buffer. This register gets 

incremented ("D" input to mux, to cycle through the buffers 
examining their status, or which gets assigned the value of 
one Of arr_buf, disp_buf or rdy_buf when the status needs 
Changing. All of these registers (phO versions) are 
accessible from the microprocessor as part of the test 
address space. oid_ix is just a re-timed version of buf ix 
and IS used for enabling buffer status and picture number 
registers in the bm_stus block. Both buf_ix and old_ix are 
decoded into three signals (each can hold the value 1 to 3) 
Which are output from this block. Other outputs indicate 
Whether buf_ix has the same value as either arr_buf or 
disp_buf, and whether either of rdy_buf and disp_buf have 
the value zero. Zero is not a reference to a buffer it 
merely indicates that there is no arrival/display/ready 
buffer currently allocated. 

Arr_buf and disp_buf are enabled by their respective two- 
ware interface output accept registers. 

Additional circuitry at the bmlogic level is used to 
determine if the current buffer index (buf_ix) is equal to 
the maximum index in use as defined by the value written 
into the control register at setup. A "i" in the control 
register indicates a three-buffer system, and a "o" 
indicates a two-buffer system. 
C.2.3.2 .3 Buffer status 

The main components in the buffer status are status and 
picture number registers for each buffer. Each of the 
groups of three is a master-slave arrangement where the 
slaves are the banks of three registers, and the master is 
a single register whose output is directed to one of the 
slaves (switched, using register enables, by old_ix) . One 
of the possible inputs to the master is multiplexed between 
the different slave outputs (indexed by buf_ix at the 
bmlogic level) . Buffer status, which is decoded at the 
bmlogic level, for use in the state machine logic can take 
any of the values shown in Table C.2.1, or recirculate its 
previous value. Picture number can take the previous value 
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or the previous value incremented by one for on« m 
delta, the difference between actual and 

refer*.nr.o between actual and expected temporal 

this adder is this_pnu„, the picture number of the data 
currently being written. 



Suffer Statu* 




EMPTY 


00 




01 


READY 


. 10 


»N.USE 


11 



Table c.2.1 Buffer Status Values 

This needs to be stored separately (in its own master-slave 
arrangement) so that any of the three buffer picture number 
registers can be easily updated based on the current (or 
previous) picture number rather than on their own previous 
picture number (which is almost always out of date) 
Thxs_pnum is reset to -i so that- when the first picture 
arrives it is added to the output from the adder and, 
hence, the input to the first buffer picture number 
register, is zero. 

Note that in the current version, delta is connected to 
zero because of the absence of the temporal reference block 
which should supply the value. 
C.2 . 3 . 2 . 4 Presentation Numha^- 

The 8-bit presentation number register has an associated 
presentation flag which is used in the state machine to . 
indicate that the presentation number has changed since it 
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was last examined. This is necessary because the picture 
clock is essentially asynchronous and may be active during 
any state, not just those which are concerned with the 
presentation number. The rest of the circuitry in this 
block is concerned with detecting that a picture clock 
pulse has occurred and "remembering" this fact. In this 
way, the presentation number can be updated at a time when 
it is valid to do so. A representative sequence of events 
is shown in Figure 156. The signal incr_prn goes active 
the cycle after the re-timed picture clock rising edge, and 
persists until a state is entered during which presentation 
number can be modified. This is indicated by the signal 
en_prnum. The reason for only allowing presentation number 
to be updated during certain states is because it is used 
to drive a significant amount of logic, including a 
standard-cell, not-very-fast 8-bit adder to provide the 
signal rdyst. It must, therefore, be changed only during 
states in which the subsequent state does not use the 
result. 

C/2,3.2.S Tem poral Reference 

The temporal reference block in accordance with the 
present invention, has been omitted from the current 
embodiment of the Image Formatter, but its operation is 
described here for completeness. 

The function of this block is to calculate delta, the 
difference between the temporal reference value received in 
a token in an H,261 data stream, and the "expected" 
temporal reference (one plus the previous value) . This 
allows frames to be skipped in H.261. Temporal reference 
tokens are ignored in all non-H.261 streams. The 
calculated value is used in the status block to calculate 
picture numbers for the buffers. The effect of omitting 
the block from bmlogic is that picture numbers will always 
be sequential in any sequence, even if the H.261 stream 
indicates that some should be skipped. 

The main components of the block (visible in the 
schematic bm_tref) are registers for tr, exptr and delta. 
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In the invention, tr is reset to zero and loaded, when 
appropriate, from the input data register. Similarly, 
exptr is reset to -i. and is incremented by either l or 
delta during the sequence of temporal reference states. m 
addition, delta is reset to zero and is loaded with the 
difference between the other two registers. All three 
registers are reset after a FLUSH token. The adder in this 
block is used for calculation of both delta and exptr, 
i.e., a subtract and an add operation, respectively, and is 
controlled by the signal delta_calc. 



589 



C.2.3.2.6 contrm Regi^i.^^, f b m ur^n«^ 

blocrr°' -nager reside in .h. 

blocK b..uregs. These are the access bit register, setup 
register (defining the maximum number of external buffers 
and internal/external picture cloc.) . and the target inde^ 
register. The access bit is synchronized as expected. The 
signals stopd_o, stopd_i and nstopd_l are derived form the 
OR of the access bit and the two event stop bits. Upi 
address decoding for all of bmlogic is done by the block 
bm_udec. Which takes the lower 4 bits of the upi data bus 

together with the 2 select sianai= f*-,,™ ^-u t ^ 

aciect signals from the Image Formatter 

top-level address decode. 

<^'2'3.2.7 Controlli ng Sfcafro Machine 

The state machine logic originally occupied its own 

block. bm_state. For code generation reasons, however it 

has now been flattened and resides on sheet 2 of the 

bmlogic schematic , 

The main sections of this logic are the same. This 

includes the decoding, the generation of logic signals for 
the control of other bmlogic blocks, and the new state 
encoding, including the flags from_ps and from_fl which are 
used to select routes through the state machine. There are 
separate blocks to produce the mux control signals for 
bm_stus and bm^index . 

Signals in the state machine hardware have been given 
simple alphabetic names for ease of typing and reference. 
They are all listed in Table C.2.2, together with the logic 
expressions which they represent. They also appear as 
comments in the behavioral m. description of bmlogic 
(bmlogic. M) . 
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Signal Name 


Logic Expression 


A 


ST_PRES1.presflg.(bstate==FULL).rdytst.(rdy==0).(ix==max) 


B 


ST_PRES1.presflg.(bstate==FULL).rdytst(rdy==0).{ix!=max) 


C 


ST_PRES1.presfIg.(bstate==FULL).rdytst.(rdy!=0) 


D 


ST_PRES1.presfIg.!((bstate==FULL).rdytst).(ix==max) 


E 


ST_PRES1.presflg.!((bstate==FULL).rdytst).(ix!=max) 


F 


ST_PRES1.presflg 


G 


ST_DRQ.drq_valid.disp_acc.(rdy==0).(disp!=0) 


PP 


ST_DRQ.drq__valid.disp_acc.(rdy==0).(disp!=0).fromps 


QQ 


ST_DRQ.drq_valid.disp_acc.(rdy==0).(disp!=0).fromfl 


RR 


ST_DRQ.drq_valid.djsp_acc.(rdy==0).(disp!=0).!(fromps+fronnfl) 


H 


ST_DRQ,drq_valid.disp_acc.(rdy!=O).(disp!=0) 


1 


ST_DRQ.drq_valid.disp_acc.(rdy!=O).(disp==0) 


J 


ST_DRQ.drq_valid.disp_acc.(rdy==0).(disp==0).fromps 


NN 


ST_DRQ.drq_valid.disp_acc.(rdy==0).(disp==0).fromfl 


OO 


ST_DRQ.drq_valid.disp_acc.(rdy==0).(disp==0).!(fromps+fromfl) 


K 


ST_DRQ.!(drq_valid.disp_acc).fronnps 


LL 


ST_DRQ.!(drq_valid.disp_acc),fromfl 


MM 


ST_DRQ.!(drq_valid. displace). !(fromps+fromfl) 


L 


ST_TOKEN.ivr.oar.(idr==TEMPORAL_REFERENCE) 


SS 


ST_TOKEN.ivr.oar.(idr==TEMPORAL_REFERENCE).H261 


TT 


ST_TOKEN.ivr.oad.(idr==TEMPORAL_REFERENCE).!H261 


M 


ST_TOKEN.ivr.oar.(idr==FLUSH) 


N 


ST_TOKEN.ivr.oar.(idr==PICTURE_START) 


O 


ST_TOKEN.ivr.oar.(idr==PICTURE_END) 


P 


ST_TOKEN.ivr.oar.(idr==<OTHER_TOKEN>) 


JJ 


ST_TOKEN.Ivr.oar.(idr==<OTHER_TOKEN>).in_extn 


KK 


ST_TOKEN.ivr.oar.(idr==<OTHER_TOKEN>).!in_extn 


Q 


ST_TOKEN.!(ivr.oar) 



Table C.2.2 Signal Names Used in the Stat Machine 
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Signal Name 




S 


ST_P 1 CTU R E_E N D . ( ix= =a rr) . ! rdy tst . oa r 


1 


QTT DI^^TI IDC CKir^ /iv nrr\ rrlx/tct (rr\\i n\ nar 

o i^nio 1 ur\c_c:r>ju.^ix — arr^.rayisnray — u^.oar 


1 1 

u 


QT Dir^TI IDP PMf^ ^iv =jrr\ rHwfct /rH\/|— 0^ nar 


\ A/ 
VV 


QT Dir^TI IDP PKin lr\or 
o 1 rIO 1 Ur\t prMU.iOar 


Korvv 




V 


QT TPR/ID DPPn \\ir rsf^r 

o 1 _ 1 tivin_rvtru.ivr.oar 


Vv 


QT TPhVID DPPn l/i\/r r\or\ 

o i_i tivin_Ktru.n^ivr.oar; 


Y 
A 


QT Ol ITDI IT TAN \\tr r\Txr 

o 1 ^vju 1 nu 1 _ 1 MiL.ivr.oar 


ETC 

rr 


QT r^l ITDMT TAN i\/r r^or tin £ivtn 

o 1 1 nu 1 _ 1 MiL.ivr.oar. !in_exTn 


V 
T 


QT Ol ITDMT TAN l^iwr r^or^ 

o 1 _wu 1 vkj 1 _ 1 Ml L. mvr.oary 




QT r\\ ITDI IT TAII \r\\ir r\r^r\ in lav+n 

o 1 1 yyj \ _ 1 MiL.!^ivr.oar;.in_exTn 


UU 


QT CI 1 IQUI rrkOvX //kot-^+^i \/ A J-//Kof of £i 1 IQP\ /iv Hior>\\ 

o 1 _rLUon.(ix — maxj.^DSiaie — VAOj+^DSiaie — uot;.^ix — aispy; 




QT PI 1 IQUI /ivi — m-rivN //Kt*4-'^f<=i \/A/^A-u//Kofofc» 1 IQP\ /Jv 

o 1 _rLUon.(ix!— nriaxj.^DSiaie — VAO;+^DSiaie — uotj.^ix — aisp;; 


uuortt 


i^Dsiaie — VAO ;+^DSiaLe — uot}.(^ix — aisp ) ;+(ix — max) 


MM 


QT Al 1 OP /hotafo \/AO^ nar 


BB 


ST_ALLOC.(bstate!=VAC).(ix==max) 


CC 


ST_ALLOC.(bstate!=VAC).(ix!=max) 


UU 


ST_ALLOC.!oar 



Table C.2.2 Signal Names Used in the State Machine (contd) 



C. 2. 3.2. 8 Monitoring Operation (bminfo) 

In the present invention, the module, bminfo, is included so that 
5 buffer status information, index values and presentation number can be 
observed during simulations. It is written in M and produces an output 
each time one of its inputs changes. 

C.2.3.3 Register Address Map 

The buffer manager's address space is split into two areas, user- 
10 accessible and test. There are, therefore, two separate enable wires 
derived from range decodes at the top-level. Table C.2.3 shows the user- 
accessible registers, and Table C.2.4 shows the contents of the test 
space. 
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Register Name 


Address 


Bits 


ResetState 


Function 


BU_BM_ACCESS 


0x10 


[0] 


1 


Access bit for buffer manager 


BU_BM_CTLO 


0x11 


[0] 


1 


Max buf isb: 1->3 buffers 0->2 








1 


External picture clock select 


DU_DlVl_ 1 Mr\*ot 1 lA 


UX 1 z 


Lo.uj 


uxu 


pur ucict^iiiiy oiiivdi UT piuiurc 


PI 1 P^/l PPPQQ Ml IM 
D U D IVI n r\ too IN U IVI 


UX 1 o 


r7-ni 


uxuu 


r^i coci llaliuil lIUiTiUcr 


Rll RM TMIC; PMI IIWI 








f^iirriant nictiir^ niimhor 

wUIICflL |JIOLLIIC IIUIIIUCI 


BU_BM_PIC_NUMO 


0x15 


[7:0] 


none 


Picture number in buffer 1 


BU_BM_PIC_NUM1 


0x16 


[7:0] 


none 


Picture number In buffer 2 


BU_BM_PIC_NUM2 


0x17 


[7:0] 


none 


Picture number in buffer 3 


BU_BM_TEMP_REF 


0x18 


[4:0] 


0x00 


Temporal reference from stream 



Table C.2.3 User-Accessible Registers 



Register Name 


Address 


Bits 


Reset State 


Function 


BU_BM_PRES_FLAG 


0x80 


[0] 


0.00 


Presentation flag 


BU_BM_EXP_TR 


0x81 


[4:0] 


OxFF 


Expected tenfipora! reference 


BU_BM_TR_DELTA 


0x82 


[4:0] 


0x00 


Delta 


BU_BM_ARR_IX 


0x83 


[1:0] 


0x0 


Arrival buffer index 


BU_BM_DSPJX 


0x84 


[1:0] 


0x0 


Display buffer index 


BU_BM_RDY_IX 


0x85 


[1:0] 


0x0 


Ready buffer index 


BU_BM_BSTATE3 


0x86 


[1:0] 


0x0 


Buffer 3 status 


BU_BM_BSTATE2 


0x87 


[1:0] 


0x0 


Buffer 2 status 


BU_BM_BSTATE1 


0x88 


[1:0] 


0x0 


Buffer 1 status 


BU_BM_INDEX 


0x89 


[1:0] 


0x0 


Current buffer index 


BU_BM_STATE 


0x8A 


[4:0] 


0x00 


Buffer manager state 


BU_BM_FROI\/IPS 


0x8B 


[0] 


0x0 


From PICTURE_START flag 


BU_BI\/l_FROI\/IFL 


0x8C 


[0] 


0x0 


From FLUSH_TOKEN flag 



Table C.2.4 Test Registers 
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C.2.4 Op^ratioB of Th* 8tat« Machine 

There are 19 states in the buffer manager's state 
machine, as detailed in Table C.2.5. These interact as 
shown in Figure 157 , and also as described in the 
behavioral description bmlogic.M. 





Value 


PRESO 


0x00 


PRESt 


0x10 


ERROR 


0x1 F 


TEMP.REFO 


0x04 


TEMP.REFl 


0x05 


TEMP.REF2 


0x06 


TEMP.REF3 


0x07 


ALLOC 


0x03 


NEW.EXP.TR 


OxOO 


SFT.ARR.IX 


OxOE 


NEW_PIC_NUM 


OxOF 


FLUSH 


0x01 


ORG 


OxOB 


TOKEN 


OxOC 


OUTPUT_TAIL 


0x08 


VACATE.ROY 1 


0x17 


USE.RDY 


OxOA 


VACATE.OISP 1 


0x09 1 


PICTURE. END 


0x02 j 



Table C.2.5 Buffer States 
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C.a.4.X Th« t 8tat« 

The reset state is PRESO, with flags set to zero such 
that the nain loop circulated initially. 
C.2.4.2 The Kaln Loop 

The main loop of the state machine comprises the states 
shovm in Figure 153 (high- lighted in the main diagram - 
Figure 152) . States PRESO and PRESl are concerned with 
detecting a picture clock via the signal presflg. Two 
cycles are allowed for the tests involved since they all 
depend on the value of rdyst, the adder output signal 
described in C«2«3.2.4. If a presentation flag is 
detected, all of the buffers are examined for possible 
'readiness', otherwise the state machine just advances to 
state DRQ. Each cycle around the PRES0*PR£S1 loop examines 
a different buffer, checking for full and ready conditions. 
If these are met, the previous ready buffer (if one exists) 
is cleared, the new ready buffer is allocated and its 
status is updated. This process is repeated until all 
buffers have been examined (index == max buf) and the state 
then advances. A buffer is deemed to be ready for display 
when any of the following is true: 

(pic_num>pres_num)&&((pic,num - pfe$_num}>=128) 
or 

(pic.num<pres_num)&&{(pres_num - pic_num)<=128) 

Of 

pic.num = pres.num 

State DRQ checks for a request for a display buffer 
(drq_valid_reg && disp_acc_reg) , If there is no request 
the state advances (normally to state TOKEN - as will be 
described later) . Otherwise, a display buffer index is 
issued as follows. If there is no ready buffer, the 
previous index is re-issued or, if there is no previous 
display buffer, a null index (zero) is issued. If a buffer 



xs ready for display, its index is issued and its state is 
updated. If necessary, the previous display buffer is 
cleared. The state machine then advances as before 

State TOKEN is the typical option for completing the main 
loop. If there is valid input and the output is not 
stalled, tokens are examined for strategic values 
(described in later sections), otherwise control returns to 
state PRESO. 

Control only diverges from the main loop when certain 
conditions are met. These are described in the following 
sections. ^ 

C.2.4.3 Allocating The Ready Buffer index 

If during the PRESO-PRESl loop a buffer is determined to 
be ready, any previous ready buffer needs to be vacated 
because only one buffer can be designated ready at any 
time. state VACATE_RDV clears the old ready buffer by 
setting its state to VACANT, and it resets the buffer index 
. to 1 so that When control returns to the preso state, all 
buffers will be tested for readiness. The reason for this 
IS that the index is by now pointing at the previous ready 
buffer (for the purpose of clearing it, and there is no 
record of our intended new ready buffer index. it is 
necessary, therefore, to re-test all of the buffers. 
C.2.4.4 Allocating The Display Buffer index 

Allocation of the display buffer index takes place either 
directly fror, state DRQ (state USE_RDY) or via state 
VACATE_DISP Which clears the old displa'y buffer state. The 
Chosen display buffer is flagged as IN_USE, the value of 
rdy_buf is set to zero, and the index is reset to i to 
return to state DRQ. Moreover, disp_buf is given the 
required index and the two-wire interface wires (disp_valid 
and drq_acc, are controlled accordingly. Control returns 
to state DRQ only so that the decision between states 
TOKEN, FLUSH and ALLOC does not need to be made in state 
USE_RDVr. 

C.2.4,5 Operation when PICTURE_END R ceived 

on receipt of a PICTURE_END token, control transfers fron 



TllllT"" " "CTURE.ENO w.ere, i. ..e index is not 

already poxntxng at the current arrival buffer, it is set 

updated as described below. xf not, control regains in 
state PICTURE_END until they are both true. The en full 
signal is supplied by the write address generato; to 
indicate that the swing buffer has swung, i.e., the last 
block has been successfully written and it is, therefore 
safe to update the buffer status. 

The just-completed buffer is tested for readiness and 
given the status either FULL or READY depending on the 
result of the test. if it is ready, rdy_buf is given the 
value Of its index and the set_la_ev signal (late arrival 
event) is set high (indicating that the expected display 
has got ahead in time of the decoding) . The new value of 
arr_buf now becomes zero and, if the previous ready buffer 
needs its status clearing, the index is set to point there 
and control moves to state VACATE_RDY. Otherwise, the 
index is reset to 1 and control returns to the start of the 
main loop. 

C.2.4.6 operation When PICTCRE_START Received (Allocation 
Arrival Buffer) 

When a PICTURE_START token arrives during state TOKEN 
the flag from_ps is set, causing the basic state machine 
loop to be Changed such that state ALLOC is visited instead 
Of state TOKEN. state ALLOC is concerned with allocating 
an arrival buffer (into which the arriving picture data can 
be written) , and cycles through the buffers until it finds 
one Whose status is VACANT. a buffer will only be 
allocated if out_acc_reg is high since it is output on the 
data two-wire interface. Accordingly, cycling around the 
loop will continue until this is indeed the case. Once a 
suitable arrival buffer has been found, the index is 
allocated to arr_buf and its status is flagged as IN_USE. 
Index is set to 1, the flag from_ps is reset, and the state 
IS set to advance to NEW_EXP_TR. A check is made on the 



PICTURE_START, to determine if it is the same as targ ix 
the target index specified at setup) and, if "Zo. 
set_if._ev (index found event) is set high 

The three states NEW_exp_tr, SET_,ARR_lx and NEW PIC MUM 
set up the new expected temporal reference and "picture 
number for the incoming data. The middle state just sets 
the xndex to be arr.buf so that the correct picture number 
register xs updated (note that this_pnum is also updated) 
control then proceeds to state OUTPUT_TAIL which outputs 
data (assuming favorable two-wire interface signals) until 
a low extension is encountered. At this point, the main 
loop xs re-started. This means that whole data blocks (64 
Items) are output, in between which, there are no tests for 
presentation flags or display requests. 
C.2.4.7 Operation When FLUSH Received 

A FLUSH token in the data stream indicates that sequence 
information (presentation number, picture number, rst fid) 
Should be reset. This can only occur when all of the"data 
leading up to the FLUSH has been correctly processed. 
Accordingly, it is necessary, having received a FLUSH, to 
n>onitor the status of all of the buffers until it is 
certain that all frames have been handed over to the 
display, i.e., all but one of the buffers have status 
EMPTY, and the other is IN_USE (as the display buffer) . At 
that point, a "new sequence" can safely be used 

When a FLUSH token is detected in state TOKEN, the flag 
from_fl IS set, causing the basic state machine loop to be 
Changed such that state FLUSH is visited instead of state 
TOKEN. State FLUSH examines the status of each buffer in 
turn, waiting for it to become VACANT or IN_USE as display. 
The state machine simply cycles around the loop until the 
condition is true, then increments its index and repeats 
the process until all of the buffers have been visited. 
When the last buffer fulfills the condition, presentation 
number, picture number, and all of the temporal reference 
registers assume their reset values rst_fld is set to l. 
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The flag f„m_fl is reset and the normal n,ain loop 
operation is resumed. 

C.2.4.8 operation When TEMP0RAL_REFERENCE Received 

When a TEMPORAL_REFERENCE token is encountered, a check 
xs made on the H.261 bit and, if set, the four states 
TEMP_REFO to TEMP_REF3 are visited. These perform the 
following operations: 

TEMP_REFO : temp_ref =in_data_reg ; 

TEMP_REFl:delta=temp_ref-exp_tr;index=arr_buf; 
TEMP_REF2 :exp_tr=delta+exp_tr; 
TEMP_REF3 : pic_num[ i j =this_pnum+delta ; index=l . 
C.2.4.9 Other Tokens and Tails 

State TOKEN passes control to state OUTPUT_TAIL in all 
cases other than those outlined above. Control remains 
here until the last word of the token is encountered 
(in_extn_reg is low) and the main loop is then re-entered. 
C.2.5 Applications Notes 

C.2.S.1 State Machine Stalling Buffer Manager input 

This requirement repeatedly check for the "asynchronous- 
timing events of picture clock and display buffer request. 
The necessity of having the buffer manager input stalled 
during these checks means that when there is a continuous 
supply of data at the input to the buffer manager, there 
will be a restriction on the data rate through the buffer 
manager. A typical sequence of states may be PRESO , presi, 

DRQ, TOKEN, OUTPUT TAIL eai^h t^ii-h 

each, with the exception of 

OUTPUT_TAIL, lasting one cycle. This means that for each 

block Of 64 data items, there will be an overhead of 3 

cycles during which the input is stalled (during states 

PRESO, PRESI and DRQ) thereby slowing the write rate by 

3/64 or approximately 5%. This number may occasionally 

increase to up to 13 cycles of overhead when auxiliary 

branches of the state machine are executed under worst-case 

conditions. Note that such large overheads will only apply 

on a once-per-f rame basis. 

C.2.5. 2 Presentation Number Behavior During An Access 

The particular embodiment of the bm_pres illustrated by 
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the schematic shown in C.2.3.2.4 neans that presentation 
number free-runs during upi accesses. if presentation 
number is required to be the same when access is 
relinquished as it was when access was gained, this can be 
effected by reading presentation number after access is 
granted, and writing it back just before it is 
relinquished. Note that this is asynchronous, so it may be 
desirable to repeat the accesses several times to further 
ensure effectiveness. 

C.2.S.3 H261 Temporal Reference Numbers 

The module bm_tref (not shown) should be included in the 
bmlogic. The H.261 temporal reference values are correctly 
processed by directing delta input from the bmtref to the 
bm_stus module. The delta input can be tied to zero if the 

frames are always sequential. 
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SECTION C.3 Write Address Generation 
C«3.i Zntroduotioa 

The function of the write address generation hardware, 
in accordance with the present invention, is to produce 
5 block addresses for data to be written away to the buffers. 
This takes account of buffer base addresses, the component 
indicated in the stream, horizontal and vertical sampling 
within a macroblock, picture dimensions, and coding 
standard- Data arrives in macroblock form, but must be 
10 stored so that lines may be retrieved easily for display, 
Ni C.3.2 Fiinctional overview 

^5 Each time a new block arrives in the data stream 

ni (indicated by a DATA token), the write address generator is 

H required to produce a new block address. It is not 

g 15 necessary to produce the address immediately, because up to 

H; 64 data words can be stored by the DRAM interface (in the 

swing buffer) before the address is actually needed. This 
[|| means that the various address components can be added to 

Ci a running total in successive cycles, and thus, hence 

2 0 obviating the need for any hardware multipliers. The 
macroblock counter function is effected by storing 
strategic terminal values and running counts in the 
register file, these being the operands for comparisons and 
conditional updates after each block address calculation. 

2 5 Considering the picture format shown in Figure 161, 

expected address sequences can be derived for both standard 
and H. 2 6 1-1 ike data streams. These are shown below. Note 
that the format does not actually conform to the H-261 
specification because the slices are not wide enough (3 

3 0 macroblocks rather than 11) but the same "half -picture- 

width-slice" concept is used here for convenience and the 
sequence is assumed to be "H. 261-type" . Data arrives as 
full macroblocks, 4:2:0 in the example shown, and each 
component is stored in its own area of the specified 
35 buffer. 



Standard address sequence: 
000.00 1 .OOC.OOD. 1 00,200; 
002.003.00E.OOF, 1 0 1 ,20 1 : 
004.005.010.011,102.202; 
006.007.01 2.01 3. 1 03^03; 
008.009,0 1 4 .0 1 5. 1 04. 1 05: 
0OA.OOB.01 6.01 7, 1 05.205; 
018,019.024.025.106.107: 
01A.01B.026 



080.081.080.080,122,222; 
Oa2.Oe3.O8E.O8F. 123.223; 

H251-type sequence: 

000.001 .0OC.0OD.10O.2CO; 

002 ,0O3.0OE.0OF, 1 0 1 ,20 1 ; 

004,005.01 0.011,1 02.202; 

018,019.024,025.106.107; 

01 A,01 B.026.027, 107,207; 

01 C.01 0.028.029, 1 08.208; 

030.031 .03C.03D, 1 0C.20C. 

032.033.03E.03F. 1 00.200; 
034,035.040.041 ,10E.20E; 
006.007.01 2.01 3.1 03^03; 
008.009.014.015,104,105; 
00A.0OB.01 6.01 7, 1 05,205; 
01 E,01 F.02A,02B.1 09.209; 
020.02 1 .02C.020, 1 0A^OA; 
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022.023.025.02R 1 0B.20B: 
. 036.037.042.043, lOF^OF 
038.039.044,045,110.210; 
C3A.03B.046,047.111,211 
048.049.054.055, 1 1 2.2 1 2; 
04A.04B.055 



06A,06B.076.077,11 D.21 D; 
07E.07F.08A.08B. 121 ,221 ; 
080.08 1 .08C.08D, 1 22,222; 
082.083.08E.08FJ23;223: 

C.3.3 Architecture 
C.3.3.1 Interfaces 

^■^'^'^■^ Interfa ce to buffer manag gi- 

The buffer manager outputs data and the buffer index 
directly to the write address generator . This is performed 
under the control of a two-wire- inter face . In some ways, 
it is possible to consider the write address generator 
block as an extension of the buffer manager because the two 
are very closely linked. They do, however, operate from 
two separate (but similar) clock generators. 
C. 3, 3. 1.2 Interface to dramif 

The write address generator provides data and addresses 
for the DRAM interface. Each of these has their own two- 
wire- interface , and the dramif uses each of them in 
different clock regimes. In particular, the address is 
clocked into the dramif on a clock which is not related to 
the write address generator clock. it is, therefore, 
synchronized at the output. 
C. 3, 3 ,1.3 M icroprocessor Interface 

The write address generator uses three bits of 
microprocessor address space together with 3-bit data bus 
and read and write strobes. There is a single select bit 
for register access. 
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C . 3 . 3 . 1 ■ 4 Even^o 

differed'' generator is capable of producing five 

different events. Two are in response to picture si^e 
xnfor.at.on appearing in t.e data strea. ..Js .Jl^ll^ 
and three are in response to DEFINE SAMPLING tokens <Jnl 
event for each component. ~ ^ 

C.3.3.2 Basic Structure 

The structure of the wrii-o a^H,---- 
. . ^ ^ . """^ ^""^^^ address generator is shown in 

the schematic waddrgen . sch . it comprises a datapath, some 
con..olUng logic, and snoopers and synchronization. 

Th« D.f.p .th (hw.^p ,.^ ) 

The datapath i. cf the typ, described in chapter C.5 of 
th. docu^eht, co^prisin, ah xa-bit adder/subtracter and 

(based Oh the adder output, for use in the control logic. 

l ? The Con^T Tl'i-T 

The cohtrollin, logic of the present invention consists 
Of hardware to generate all of the register file load and 

!n erf """" 

^e,::':::/''"^'" ^-^'-^^ -^""^ --troi 

c.3.3.2. 3 sncopers and svn^K^ ^ nj^^^,^ 

super snoopers exist on both the data and address ports 
snoopers xn the datapaths, controlled as super-snoopers 
from the zcells. The address has synchronization between 
the write address generator clock and the dramif's "elk" 
regime. Syncifs are used in the zcells for the two-wire 
interface signals, and simplified synchronizers are used in 
the datapath for the address. 

C.3.3.3 controlling Logic and State Machine 

^'^■^'^■A Input/OUtPUt Blo,.lr f va inonl-) 

This block contains the input and two output two-wire 
interfaces, together with latches for the input data (for 

token decode) and arrival buffer index (for decoding four 
ways) . 

C .3.3.3.? Two cycle control Hi» ek ^w, 

The flag fc (first cycle) is maintained here and 
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indicates whether the state machine is in the middle of a 
two-cycle operation (i.e., an operation involving an add). 
C.3.3>3.3. Component Count (va comp) 

Separate addresses are required for data blocks in each 
component, and this block maintains the current component 
under consideration based on the type of DATA header 
received in the input stream. 
C,3>3*3.4 Modulo-3 Control (va mod3> 

When generating address sequences for H.261 data streams, 
it is necessary to count three rows of macroblocks to half 
way along the screen (see C.3.2). This is effected by 
maintaining a modulo-3 counter, incremented each time a new 
row of macroblocks is visited, 
C>3,3«3.5 Control Registers (wa ureas) 

Module wa_uregs contains the setup register and the 
coding standard register - the latter is loaded from the 
data stream. The setup register uses 3 bits: QCIF (Isb) 
and the maximum component expected in the data stream (bits 
1 and 2) . The access bit also resides in this block 
(synchronized as usual) , with the "stopped" bits being 
derived at the next level up the hierarchy (walogic) as the 
OR of the access bit and the event stop bits. 
Microprocessor address decoding is done by the block 
wa_udec which takes read and write strobes, a select wire, 
and the lower two bits of the address bus. 
C.3.3>3-6 Controlling State Machine (wa state) 

The logic in this block is split into several distinct 
areas. The sate decode, new state encode, derivation of 
"intermediate" logic signals, datapath control signals 
(drivea, driveb, load, adder controls and select signals), 
multiplexer controls, two-wire-interface controls, and the 
five event signals. 
C.3.3«3.7 Event Generation 

The five event bits are generated as a result of certain 
tokens arriving at the input. It is important that, in 
each case, the entire token is received before any events 
are generated because the event service routines perform 



calculations based on the new values received. For this 
reason, each of the bits is delayed by a whole cycle before 
being input to the event hardware. 
C.3.3.4 Register Address Map 

There are- two sets of registers in the write address 
generator block. These are the top-level setup type 
registers located in the standard cell section, and 
keyholed datapath registers. These are listed in Table 
C.3.1 and C.3.2, respectively. 




3U.WA_AOOR_SNP2 


0x60 j 6 




snooper cn ir.e write | 
1 

aCdress ;enefa:or 
address c/?. | 


SU.WA^OOR.SNPl 


OxSt j 8 


3U_WA,AOOn,SNP0 


0x82 


a 


aU.WA.OATA.SNPl 


OxB4 


3 




snoooer on ca:a ou:eui s( • 
WA i 


BU.WA.OATA.SNPO 


0x85 


a 



Table C.3.1 Top-Level Registers 
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Oxioa 


8 


Loaced 


3U_WACCR_COMPl.LAST.MB,ROW_LSB 


OxiOb 


8 


i 
! 


BU,WA00R.COMP2.L>ST.MB.ROW,MSB 


OxtOd 


2 


Must 5e 1 


BU.WA00R.CCMP2.L>ST.MB.ROW_MI0 


OxlO« 


8 


Leaded ' 


BU_WA00R.COMP2_LAST.MB.ROW.LSB 


Oxior 


8 




BU_WAOOR_COMP0.HBS.MS8 


{ 0x111 


2 


Must :e 


3U.WAODR_COMPO_HBS.MIO 


1 0x112 


8 


Loaded 


3U_WAOOR_CCMP0_HBS.LSB 


j 0x113 


8 


1 


3U_WAD0R_C0MP1_HBS.MS8 


0x115 


2 


Must oe 


BU.WAOOR.COMP 1 .HBS.MID 


0x116 




i 

Loaded 


3U_WA00R_C0MP1_M8S_LS8 


0x117 


h 




3U_WAODR_COMP2_HBS.MSB 


0x119 


h 


Mus: re 


BU.WAOOR_COMP2_MBS_MlO 


OxIU 


8 


Loaded 


BU,WAD0R_C0MP2_H8S_LS8 


0x11b 






BU.WADOR.COMP0.MAXH3 


Oxilf 


2 


Must :e 


3U.WA0OR.COMP 1 JAAX HB 


0x123 


2 


i 

Loaded | 


3U_WA0OR_COMP2.MAXHB 


0x127 


2 


1 


3U.WAODR_COMP0_MAXVB 


0xl2b 


2 


Must ee 


BU.WAOOR.COMP I.MAXVB 


0x12f 


2 


Loaded 


BU.WA00R,COMP2.MAXVB 


0x133 


2 





Tabl* c,3,2 laagtt Formatter Address G«n«rator Kayhola 
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The keyhole registers fall broadly into two categories. 
Those which must be loaded with picture size parameters 
prior to any address calculation, and those which contain 
rxmning totals of various (horizontal and vertical) block 
and macroblock counts. The picture size parameters may be 
loaded in response to any of the interrupts generated by 
the write address generator, i.e., when any of the picture 
size or sampling tokens appear in the data stream. 
Alternatively, if the picture size is known prior to 
receiving the data stream, they can be written just after 
reset. Example setups are given in Sectionr C.13, and the 
picture size parameter registers are defined in the next 
section. 



C«d*4 Prograuing thm Writ« Address O«nttrator 

The following datapath registers must contain the correct 
picture size information before address calculation can 
proceed. They are illustrated in Figure 162. 

1) WADDR_HALF_WIDTH_IN_BLOCKS: this defines the 

half width, in blocks, of the incoming picture. 

2) WADDR_MBS_WIDE: this defines the width, in 
macroblocks, of the incoming picture. 

3) WADDR_MBS_HIGH: this defines the height, in 
macroblocks, of the incoming picture. 

4) WADDR_LAST_MB_IN_ROW: this defines the block 
number of the top left hand block of the 
last macroblock in a single, full-width row 
of macroblocks. block nxombering starts at 
zero in the top left corner of the left-most 
macroblock, increases across the frame 

with each block and subsequently with each 
following row of blocks within the 
macroblock row. 

5) WADDR_LAST_MB_IN_HALF_ROW: this is similar 
to the previous item, but defines the block 
number of the top left block in the last 
macroblock in a half-width row of 
macroblocks . 

6) WADDR_LAST_ROW_IN_MB: this defines the block 
number of the left most block in the last 
row of blocks within a row of macroblocks - 

7) WADDR_BLOCKS_PER_MB_ROW: this defines the 
total number of blocks contained in a 
single, full-width row of macroblocks. 

8 ) WADDR_LAST_MB_ROW : this defines the top 
left block address of the left-most 
macroblock in the last row of macroblocks 
in the picture. 

9) WADDR_HBS: this defines the width in blocks 
of the incoming picture, 

10)WADDR MAXHB: this defines the block number 



of the right-most block in a row of blocks in 
a single macroblock. 
11)WAD0R_HAXVB: this defines the height-1, in 
blocks, of a single macroblock. 
In addition, the registers defining the organization of 
the DRAM must be programmed • These are the three buffer 
base registers, and the n component offset registers, where 
n is the number of components expected in the data stream 
(it can be defined in the data stream-; and can be 1 minimum 
and 3 maximum) . 

Note that many of the parameters specify block numbers 
or block addresses. This is because the final address is 
expected to be a block address, and the calculation is 
based on a cumulative algorithm. 

The screen configuration illustrated in Figure 162 yields 
the following register values: 

1) WADDR_HALF„WIDTHJN_BLOCKS = 0x16 

2) WADDR_MBS_WIDE = 0x1 6 

3) WA0DR_MBS.HIGH = 0x12 

4) WADDR_LAST_M3_IN_R0W = 0x2A 

5) WADDR_LAST.MB.IN_HALF_R0W = 0x14 

5) WADDR_LAST_ROWJN_MB = 0x2C 
7)WADDR.BLOCKS_PER_MB.ROW = 0x58 

6) WADOR_LAST_MB_ROW = 0x508 

9) WADDR_HBS = 0x2C 

10) WADDR_MAXVB = 1 

11) WADDR_MAXH3 = 1 
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C.3.S Opmrmti & of Tli« 8tat« Naehla^ 

Thare are 19 spates in the buffer manager's state 
machine, as detailed in Table These interact as 

sho%m in Figure 164, and also as described in the 
behavioral description, bmlogic.M. 



State 


Vatue 


IDLE 


OiOO 1 


DATA 


0x10 j 


COOING .STANDARD 


OarOC 


HOR2.MBS0 


0x07 


HOR2.MBS1 


0x06 


VERT.MBSO 


OxOB 


VERT.MBSI 


OxOA 


OUTPUT.TAIL 


oxca 


HB 


0x11 


MBO 


0x1 D 


MBI 


0x12 1 


M62 


OxiE 1 


MB3 


0x13 


MB4 


OxOE 


MBS 


0x14 j 


M86 


OxiS 


M&4A 


0x18 1 



Table C. 3.3 Write Address 



Generator States 
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Stat« 






0x09 


M84C 


0x17 


MS40 


0x16 


ADORl 


0x19 


A00R2 


0x1 A 


- AD0R3 


0x1 B 


A00R4 


OxiC 


A00R5 


0x03 


HSAMP 


0x05 


VSAMP 


0x04 


PIC.STI 


OxOf 


PIC_ST2 


0x01 


P1C.ST3 


0x02 



TablA Writa Address Gmnmrmtox states 

C.3.5.1 Calculation of tha Addrass 

The major section of the write address generator state 
machine is illustrated down the left hand side of Figure 
164. On receipt of a DATA token, the state machine moves 
from state IDLE to state ADDRl and then through to state 
ADDR5, from which an 18-bit block address is output with 
two-wire-interface controls. The calculations performed by 
the states ADDRl through to ADDR5 are: 

BU_WADDR_SCRATCH=BU_BUFFERn_BASE 

+BU_COMPm_OFFSET ; 

BU_WADDR_SCRATCH«BU_WADDR_SCRATCH 
+BU_WADDR_VMBADDR ; 

BU_WADDR_SCRATCH=BU_WADDR-SCRATCH 
+BU_WADDR_HMBADDR ; 

BU_WADDR_SCRATCH=BU+WADDR_SCRATCH 
+BU_WADDR_VBADDR ; 

out_addr=BU_WADDR_SCRATCH+BU_WADDR_HB; 

The registers used are defined as follows: 

1) BU_WADDR_VMBADDR: the block address (the top left 
block) of the left-m st macroblock of the row of 
macroblocks in which the block whose address is 
being calculated is contained. 
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2) BU_WADDR_HMBADDR: the block address (top left 
block) of the top macroblock of the column of 
macroblocks in which the block whose address is 
being calculated is contained. 

3) BU_WADDR_VBADDR: the block address, within the 
macroblock row, of the left-most block of the row 
of blocks in which the block whose address is 
being calculated is contained. 

4) BU_WADDR_HB: the horizontal block number, within 
the macroblock, of the block whose address is 
being calculated. 

5) BU_WADDR_S CRATCH: the scratch register used for 
temporary storage of intermediate results. 

Considering Figure 163, and taking, for example, the 
calculation of the block whose address is Ox62D, the 
following sequence of calculations will take place; 

SCRATCH=BUFFERn_BASE+COMPm_OFFSET; (assume 0) 

SCRATCH-0+0X5D8 ; 

SCRATCH==Ox5D8+0x28 ; 

SCRATCH«0x600+0x2C; 

block address=0x62C+l=0x62D; 

The contents of the various registers are illustrated in 
the Figure. 

c.3.5.2 Calculation of Hew Screen Location Parameters 

When the address has been output, the state machine 
continues to perform calculations in order to update the 
various screen location parameters described above. The 
states HB and MBO through to MB6 do the calculations, 
transferring control at some point to state DATA from which 
the reminder of the DATA Token is output. 

These states proceed in pairs, the first of a pair 
calculating the difference between the current count and 
its terminal value and, hence, generating a zero flag. The 
second of the pair either resets the register or adds a 
fixed (based on values in the setup registers derived front 
screen size) offset. In each case, if the count under 
consideration has reached its terminal value (i.e., the 
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Of states. 15 „„, „„„^^ ^^^^^^^ . 

:::sL ""^ -"^"^ =al=uxati=„, an. co 

transfers to state DATA. 

No.e that ail states which involve the use of an addition 
or subtraction taKe two cycles to complete (allow.n, the 
use Of a standard, ripple-carry adder), this being effected 
by the use of a flag, fc (first cycle) which alternates 
between 1 and o for adder-based states. 

All of the address calculation and screen location 
calculation states allots 

data to be output assuming 
favorable two-wire interface conditions. 
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(MPEC^i-Y^-} Tnqi 

The sequence of operations is as follows (in which th. 
zero flaq is ha«r.^ =» i ah wnich the 

is based on the output of the adder) • 



states HB and mbO: 
scratch = hb - maxhb; 
if (2) 

hb = 0; 
else 

% 10 ( 

hb = hb -K 1 

S| new_state = DATA- 

% ) 

y states MBl and MB2 : 

r, scratch = vb_addr - last_row_in_mb; 

H: vb_addr = O; 

else 

2 0 vb_addr = vb_addr . width_in_blocks ; 

new_state = DATA; 

) 

states MB3 and MB4 : 

scratch = hinb_addr - last_mb_in row; 
25 if (2) 

hmb_addr = o ; 
else 
( 

hn,b_addr = hmb_addr + maxhb; 
3 0 new_state = DATA; 

) 

states MBS and MB6: 

scratch = vinb_addr - last_mb_row; 
if Cz) 

35 



v™b_addr = vmb_addr ^ blocJcs_per_mb_row; 
(v^b.addr is reset after a PICTURE_START token is 
detected, rather than when the end of a picture is inferred 
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from the calculations) . 

<^'3'S-2^2 calculations for H, 261 S^q ^,^r,^^. 

The sequence for H.261 calculations diverges from the 
standard sequence at state MB4 : 
5 states HB and MBO:-as above 

states MB! and MB2:-as above 
states MB3 and MB4 : 

scratch = hmb_addr - last_mb_in_row; 

if (z & (mod3==2)) /*end of slice on right of screen*/ 

10 ( 

hn\b_addr - o ; 
new_state - MB5; 

) 

else if (2) /*end of row on right of screen*/ 
15 ( 

hmb_addr = half_width_in_blocks; 
new_state = MB4A; 

) 

else 
20 ( 

scratch = hinb_addr - last_n,b_in_half_row; 
new-state = MB4B; 



state MB4A: 
"sv_srate = DATA; 

state {MB4) and MB4B: 

■scratch = hmb.addr - las r.nib.in.half.row; ) 
if (z i (nod3-«2)) /•end of slice on left of screen-/ 

{ 

h.T^_addr = hrLb_addr * r^nb; 
r.ew_scace = KB4C; 

} 

else if (2) /-end of row on left of screen-/ 

( 

rjnb.addr = 0; 
"-w_scate = MB4A; 

else 

{ 

— *^-3_addr = hmb.addr ♦ maxhb; 
r.ew_scate « DATA; 

} 

states MB4C and MB4D: 
'/lab^addx » vrab^addx 
vtnb.addr ■ vmto.addr 
new.stace « DATA; 

states MeSand MB6:- as above 
C.3.S.3 Operation on PICTURE.START Token 

When a PICTURE.START token is received, control passes to state PIC.STI whe 
vtD^addr register (BU_WADOR_VBAOOR) is reset to 0. Each of states PIC.ST2 and PiC.S": 
then visited, once for each component, resening hmb.addr and vmb.addr respectrveiy. C 
then returns, via state OLTTPUT.TAIL, to IDLE. 
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blocks_per_rrb_row; 



- blocks_per_mb_row; 

- bloc3cs_per_mb_row; 



C,3.5.3 Operation on PICTURE_START Token 

When a PICTURE_START token is received, control passes 
to state PIC_ST1 where the vb_addr register 
(BU_WADDR_VBADDR) is reset to 0. Each of states PIC_ST2 
and PIC_ST3 are then visited, once for each component, 
resetting hinb_addr and vmb_addr, respectively. control 
then returns., via state OUTPUT_TAIL, to IDLE. 
C.3.5.4 operation on DEFINE_SAMPLING Token 

When a DEFINE_SAMPLING token is received, the component 
register is loaded with the least significant two bits of 
the input data. In addition, via states HSAMP and VSAMP, 
the raaxhb and maxvb registers for that component are 
loaded. Furthermore, the appropriate define sampling event 
bit is triggered (delayed by one cycle to allow the whole 
token to be written) . 

C.3.5.5 Operation on H0RI20NTAL_MBS and VERTICAL_MBS 

When each of H0RIZ0NTAL_MBS and VERTICAL_MBS arrive, the 
14-bit value contained in the token is written, in two 
cycles, to the appropriate register. The relevant event 
bit is triggered, delayed by one cycle. 
C . 3 . S . 6 Other Tokens 

The CODING_STANDARD token is detected and causes the top- 
level BU_WADDR_COD_STD. register to be written with the 
input data. This is decoded and the nh261 flag (not H261) 
is hardwired to the buffer manager block. All other tokens 
cause control to move to state OUTPUT_TAIL, which accepts 
data until the token finishes. Note, however, that it does 
not actually output any data. 
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SECTION C.4 Read Address Generator 

C,4.i Overview 

The read address generator of the present invention 
consxsts Of four state machine/datapath blocks. The first 

dl.ne generates line addresses and distributes then, t; 
the other three (one for each component) identical 
page/block address generators, "dramct Is" . All blocks ar» 
linked by two wire interfaces. The modes of operation 
include all combinations of interlaced/progressive, first 
field upper/lower, and frame start on upper/ lower/both 
The Table c.3.4 shows the names, addresses, and reset 
states of the dispaddr control registers, and Chapter c 13 
gives a programming example for both address generators. 
C.4. 2 Line Address Generator (dline) 

This block calculates the line start addresses for each 
component. Table C.3.4 shows the 18 bit datapath registers 
m dime. 

Note the distinction between DISP_register name and 
ADDR_regxster_name DISP _name registers are in" dispaddr 
only and means that the register is specific to the display 
area to be read out of the DRAM. ADDR name means that the 
register describes something about the structure of the 
external buffers. 
Operation 

The basic operation of dline, ignoring all modes repeats 
etc. is: 

if (vsync_startW* first active cycle of vsync*/ 
comp = 0 

DI SP_VB_CNT_COMP [ comp ] =0 ; 

LINE [comp J =BUFFER_BASEC comp] +0; 

LINE i comp j =LI NE : comp ) -DISP_COMP_OFFSET [ comp ] ; 
while (VB_CNT_COMP(comp]<DISP_VBS_COMP[comp) ' 

-hile (line_count:corr.p]<S) 
( 
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( 

while (comp<3) 
( 



-OUTPUT LINE[comp]to dramct 1 ( comp J 

1 i ne [ comp J =lINE C comp ] +ADDR_HBS_COMP [ comp ] 

comp = comp + i; 

) 

line_count [ comp ] =1 ine_count ( comp J +1 ; 
) 

VB_CNT_COMP [ comp ] =VB_CNT_COMP C comp ] + 1 ; 
1 ine_count [ comp ] ==o ; 
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e C.3,4 Dispaddr Datapath Registers 
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01in« C atr 1 R gist rs 

The above operation is modified by the dispaddr control 
registers which are shown in the Table C,4.3 below. 





Regisitf Name 


Address 


Sits 


^•sei 


1 

Pyncucn I 

} 

1 




LINE5JN.LAST.ROWO 


0x08 


[2:0) 


0x07.. 


These three register t j 


# 


l:n5 S.!N.L>ST.ROW 1 


0x09 


[2:01 


0x07 


determine the nurrder of j 




LlNcSjN_LAST.ROW2 


OxOa 


t2:0I 


0x07 


lines (out of 6) of *^e last j. 












row o( blocks to read out | 


3 


OiSPACOR. ACCESS 


OxOb 


toi 


OxOO 


Access bit for oisoacdr | 




CIS?AOOR,CTLO 


OxOc 


(1:01 


0x0 


SYNCMOOE 1 




See below for a detailed 




(21 


0x0 


REAO.START [ 








(31 


0x1 


(NTEflUVCEO/PP.CG ) 




5cscf:otton ot tf^ese 




[^1 


0x0 I 


LSB.INVERT 1 




zzr:ro\ Oits 




[7:51 


0x0 


LINE.RPT 1 




OlSPADOR.CTXl 


OzOd 


10) 1 


0x1 


COMPOHOLO j 



0:s;acdr Control Registers 



TABLE C.4.3 CONTROL REGISTERS 
5 C . 4 . 3 . X LZME8_IN_LA8T_ROW [ component ] 

These three registers determine, for each component, the 
number of lines in the last row of blocks that are to be 
read. Thus, the height of the read window may be an 
arbitrary number of lines. This is a back-up feature since 

10 the top, left and right edges of the window are on block 
boundaries, and the output controller can clip (discard) 
excess lines. 
C . 4 • 3 . 2 DI8PADDR_XCCE88 

This is the access bit for the whole of dispaddr. On 

15 writing a "1" to this location, dispaddr is halted 
synchronously to the clocks. The value read back from the 
access bit will remain "O" until dispaddr has safely 
halted. Having reached this state, it is safe to perform 
asynchronous upi accesses to all the dispaddr registers. 
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Note that the upi is actively locked out from the datapath 
registers until the access bit is "i". m order for access 
to dispaddr to be achieved without disrupting the current 
display or datapath operation, access will only given and 
released under the following circumstances. 

Stopping: Access will only be granted if the datapath has 
finished its. current two cycle operation (if it were doing 
one), and the "safe" signal from the output controller is 
high. This signal represents the area on the screen below 
the display window and is programmed in the output 
controller (not dispaddr). Note: It is, therefore, 
necessary to program the output controller before trying to 
gain access to dispaddr. 

Starting-Access will only be released when "safe" is 
high, or during vsync. This ensures that display will not 
start too close to the active window. 

This scheme allows the controlling software to request 
access, poll until end of display, modify dispaddr, and 
release access. if the software is too slow and doesn't 
release the access bit until after vsync, dispaddr will not 
start until the next safe period. Border color will be 
displayed during this "lost" picture (rather than rubbish). 
C • 4 . 3 . 3 DISPADDR_CTLO (7:0] 

When reading the following descriptions, it is important 
to understand the distinction between interlaced data and 
an interlaced display. 

Interlaced data can be of two forms. The Top-Level 
Registers supports field-pictures (each buffer contains one 
field), and frames (each buffer contains an entire frame - 
interlaced or not) 

DISPADDR_CTL0(7:0]contains the following control bits: 
SYNC_MODE(1:0) 

With an interlaced display, vsyncs referring to top and 
bottom fields are differentiated by the field_info pin. 
In this context, field_info = HIGH meaning the top field. 
These two control bits determine which vsyncs dispaddr will 
request a new display buffer from the buffer manager and, 
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thus, synchronize the fields in the buffers (if the data 
were interlaced) with the fields on the display: 

0:New Display Buffer On Top Field 

1: Bottom Field 

2:Both Fields 

3: Both Fields 

At startup, dispaddr will request a buffer from the 
buffer manager on every vsync. Until a buffer is ready 
dispaddr will receive a zero (no display) buffer. When it 
finally gets a good buffer index, dispaddr has no idea 
Where it is on the display. it may, therefore, be 
necessary to synchronize the display startup with the 
correct, vsync. 

READ_START 

For interlaced displays at startup, this bit determines 
on Which vsync display will actually start. Furthermore 
having received a display buffer index, dispaddr may "sit 
out" the current vsync in order to line up fields on the 
display with t he fields in the buffer. 

INTERLACED/ PROGRESSIVE 

0 : Progressive 

1 : Interlaced 

in progressive mode, all lines are read out of the 
display area of the buffer. m interlaced mode, only 
alternate lines are read. Whether reading starts on the 
first or second line depends on field_info. Note that with 
(interlaced) field-pictures, the system wants to read all 
lines from each buffer so the setting of this bit would be 
progressive. The mapping between field_info and 

first/second line start may be inverted by lsb_invert (so 
named for historical reasons) . 
LSB_ INVERT 

When set, this bit inverts the field_info signal seen by 
the line counter. Thus, reading may be started on the 
correct line of a frame and aligned to the display 
regardless of the convention adopted by the encoder, the 
display or the Top-Level Registers. 
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I-INE_RPT[2 : 0] 

This V " ° component 0 

re,uir.d conversion /" ^ Oron. ups.„pi,„, 

conversion from QFIF to 601 

COMPOHOLD 

" -o=e o. ::::o:rn.:T::: - 

0:S,„e number of lines, i.e., 4,4:4 date in 

the buffers. 

^' Twice es many component 0 lines, i.e., 4:2-0 
P»,e/Bloc. Address Generators (dre.ctls, 
When passed a line address th... k, ,, 
series of page/line addresses a^d bl . ' 
line. The .i„i„.„ pa,e wTdtn ° , ^ / 



stop address ,Th. ■ ' ' ' "'^ ""^ 

passed throu». calculated p, dline and 



passed through the dran,^,- , --"^atea oy dime and 

^3 Pixels Of line s forrl' ' ^"-^ " out 
hloc. fron the left !„ 

line,, the addresseVpass:d t 7 " """"^ 

Line . = 5 

Block start = 2 
Block stop = 7 

Thesrare°'sh""" = ^"'""^ "listers. 

xnese are shown in Table c 3 4 tko • 

dramctl is: -^^ C.3.4. The basic behavior of each 
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Block surt = 2 
Block stop = 7 



Q 

HI 



Each of these three machines has 5 datapath registers. These are shown in Table C.3.4 ^ 

The basic behaviour o( each dramcti is> 
white (taie) 
( 

CNT.LEFT = 0: 

GET.A.NEW.LINE.ADOflESS from dline; 
BLOCK_ADDR = inpul.block.addr > 0: 
PAGE.ADOR = input^page.addr * 0; 
CNT.LEFT = OlSP.HBS ^ 0; 



H vvhile (CNT.LEFT > BLOCKS.LEFT) 



BLOCKS.LEFT = 6 - BLOCK. AODR; 

— > output PAGE.AOOR. start=BLOCK.ADDR. stop=7. 

PAGE.ADDR s PAGE.AODR * 1 ; 

BLOCK.ADOR = 0; 

CNT.LEFT = CNfT.LEFT - BLOCKS.LEFT; 

) 

r Last Page of line V 

Civrr.LEFT = CI^.LEFT ♦ BLOCK.AOOR; 
CI^rr.LEFT x Cf^.LEFT - 1 ; 

— > output PAGE.ADOR.start=BLOCK.ADDR.stop=CNT_L£FT 

) 



Table c,3.5 Dramctl(o,l &2) Datapath Regist 



ers 



Table C. 
Re5ts:ef Names 
OiS?,CCMP0.Hes 



3.5 Dramctl(0,1 A 2) Datapath Registers 
Keyhole 
Adcress 



Su5 



Oeschption 



Corr.rrent's 



OtS?_CQMPi_HeS 



Ox4c.4<1.4e.4( 



3lS?_COMP2_H8S 



0x50,51.52.53 



The rtumber 
horizontal 
tiocks to be 
fead. c.f. 
AOOn.HBS 



This fe^ts;ef 
must &e loacei 
before 

ooerar:cn car. 



CNT.L£=TO 


A 


1 0x54.55.S6.S7 


Number o( 


These regis:ers 




A 


1 0x58.59.5a.5b 


blocks remaining 


CNT.L=rT2 


A 


0x5c.Sd,Se.5f 


to be read 


are temporar/ 
locanons used 


PAGc.AOCSO 


A 


0x60.61.62.63 


The address of 


by Cfscacif. 


PAGE.AOOat 


A 


0x64.65.66.67 


current 




?AGc.A00R2 


A 


0x66.69. 6a.6b 


page. 


Note: All 


aLCCK.AOORO 1 


B 




0x6c.6d.6e.6r 


Current block 


registers are PJ 


3LCCK.A00fl1 


8 


0x70.71.72,73 


address 


W from ;ne opi 


3CCCK.AOOR2 1 


9 


0x74.75,76.77 




3UOCKS.LHFT0 | 


B 1 


0x78.79.7a.7b 


Blocks len in 




3LOCKS,L£Fri 


3 1 


0x7c.7d.7e.7( 


current page 




3UOCKS,L£Fr2 | 


8 


0x60.81,82.83 





Prcgramming 

The fcllcwing 15 dispaddr registers must be programmed before operation can teair 

BUFrSR_BASE0.1.2 

DISP_COMP_OFFSE70. 1 .2 

DIS?_VBS_COMP0.1.2 

A00R_HBS_COMP0.1.2 

DISP_COMPO,1.2_HBS 
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Using the reset state of the dispaddr control registers 
will give a 4:2n interlaced display with no line repeats 
synchronized and starting on the top field 
(f ield_info*HIGH) . Figure 159, -Buffer 0 Containing a SIF 
(22 by 18 nacroblocks) picture," shows a typical buffer 
setup for a SIF picture. (This example is covered in more 
detail in Section C.13). Note that in this example, 
DISP_HBS_COMPn is equal to ADDR_HBS_COMPn and likewise the 
vertical registers DISP_VBS_COMPn anti the equivalent write 
address generator register are equal, i.e., the area to be 
read is the entire buffer. 

Windowing with the Read Address Generator 
It is possible to program dispaddr such that it will read 
only a portion (window) of the buffer. The size of the 
window is programmed for each component by the registers 
DISP_HBS, DISP_VBS, COMPO N E N T_0 F F S ET , .and 

LINES_IN_LAST_ROW . Figure 160, "SIF Component O with a 
display window," shows how this is achieved (for component 
O only) . 

In this example, the register setting would be: 

BUFFER_BASEO - OxOO 

DISP_COMP_OFFSETO = Ox2D 

DISP_VBS_COMPO « Ox22 

ADDR_HBS_COMPO = 0x2 C 

DISP_HBS_COMO = OX2A 

Notes : 

•The window may only start and stop on block boundaries. 
In this example we have left LINES_IN_LAST_ROW equal to 
7 (meaning all eight) . 

•This example is not practical with anything other than 
4:4:4 data. In order to correspond, the window edges 
for the other two components could not be on block 
boundaries. 

•The color space converter will hang up if the data it 
receives is not 4:4:4. This means that these read 
windows, in conjunction with the upsamplers must be 
programmed to achieve this. 
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SECTION C.S Datapaths for Address Generation 

The datapaths used in dispaddr and vaddrgen are identical 
in structure and width (18 bits), only differing in the 
number of registers, some masking, and the flags returned 
to the state machine. The circuit of one slice is shown in 
Figure 165, "Slice Of Datapath,-. Registers are uniquely 
assigned to drive the A or B bus and their use (assignment) 
is optimized in the controller. All registers are loadable 
from the C bus, however, not all "load" signals are driven. 
All operations involving the adder cover two cycles 
allowing the adder to have ordinary ripple carry. Figure 
166, "Two cycle operation of the datapath," shows the 
timing for the two cycle sum of two registers being loaded 
bac)c into the "A" bus register. The various flags are 
"phO"ed within the datapath to allow ccode generation. For 
the same reason, the structure of the datapath schematics 
is a little unusual. The tristates for all the registers 
(onto the A and B buses) are in a single block which 
eliminates the combinatorial path in the cell, therefore, 
allowing better ccode generation. To gain upi access to 
the datapaths, the access bit must be set, for without 
this, the upi is locked out. Upi access is different from 
read and %n:ite: 

•Writing: When the access bit is set, all load signals 
are disabled and one of a set of three byte addressed 
write strobes driven to the appropriate byte of one of 
the registers. The upi data bus passes vertically down 
the datapath (replicated, 2-8-8 bits) and the 18 bit 
register is written as three separate byte writes 
• Reading: This is achieved using the A and B buses. 
Once again, the access bit must be set. The addressed 
register is driven onto the A or B bus and a upi byte 
select picks a byte from the relevant bus and drives it 
ont the upi bus. 

As double cycle datapath operations require the A and B 
buses to retain their values, and upi accesses disrupt 
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All H.^. ^ datapath operation. 

a..::L:r r/o .n";;- ^.r^^ ™ 

address 0x28 rZ, . " " ^^^-^ 

for Th . ^ ^'"''^ keyhole, and Ox2A 

tor the data. The kevhoi*. wx,iA 
C.11.2. keyhole addresses are given in Table 

Notes : 

DAll address registers in the address 

generators (dispaddr and waddrgen) contain 

addresses. Pixel addresses are never 
g used and the only registers containing line 

addresses are the three LINES_IN_LAST ROW 
ti; registers. ~ 



1 5 

CI 

1==!.: 

ii 

2 0 



2) some registers are duplicated between the 
address generators, e.g., BUFFER_BASEO occurs 
in the address space for dispaddr and 
waddrgen. These are two separate registers 
Which BOTH need loading. This allows display 
windowing (only reading a portion of the 
display store) , and eases the display of 
formats other than 3 component video. 



SECTION C.6 The Interface 

C.6.1 Overview 

in the present invention, the Spacial Decoder, Temporal 
Decoder and Video Formatter each contain a DRAM Interface 
block for that particular chip. ' m all three devices, the 
function Of the DRAM Interface is to transfer data from the 
chip to the external DRAM and from the external DRAM into 
the Chip Via block addresses supplied by an address 
generator . 

The DRAM Interface typically operates from a clock which 
IS asynchronous to both the address generator and to the 
clocks Of the various blocks through which data is passed. 
This asynchronism is readily managed, however, because the 
clocks are operating at approximately the same frequency 

Data IS usually transferred between the DRAM Interface 
and the rest of the chip in blocks of 54 bytes (the only 
exception being prediction data in the Temporal Decoder) 
Transfers take place by means of a device known as a "swing 
buffer". This is essentially a pair of RAMs operated in a 
double-buffered configuration, with the DRAM interface 
filling or emptying one RAM while another part of the chip 
empties or fills the other RAM. A separate bus which 
carries an address from an address generator is associated 
with each swing buffer. 

Each of the chips has four swing buffers, but the 
function of these swing buffers is different in each case 
in the Spacial Decoder, one swing buffer is used to 
transfer coded data to the DRAM, another to read coded data 
from the DRAM, the third to transfer tokenized data to the 
DRAM and the fourth to read tokenized data from the DRAM. 
In the Temporal Decoder, one swing buffer is used to write 
intra or Predicted picture data to the DRAM, the second to 
read intra or Predicted data from the DRAM and the other 
two to read forward and backward prediction data. In the 
Video Formatter, one swing buffer is used to transfer data 
to the DRAM and the other three are used to read data from 
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the DRAM, one for each of Luminance (Y) and the Red and 
Blue color difference data (Cr and Cb, respectively) . 

The operation of a generic DRAM Interface is described 
in the Spacial Decoder document. The following section 
describes those features of the DRAM Interface, in 
accordance with the present invention, peculiar to the 
Video Formatter. 

C.6.2 The Video Formatter dram Interface 

In the video formatter, data is written into the external 
DRAM in blocks, but read out in raster order. Writing is 
exactly the same as already described for the Spacial 
Decoder, but reading is a little more complex. 

The data in the Video Formatter external DRAM is 
organized so that at least 8 blocks of data fit into a 
single page. These 8 blocks are 8 consecutive horizontal 
blocks. When rasterizing, 8 bytes need to be read out of 
each of 8 consecutive blocks and written into the swing 
buffer (i.e., the same row in each of the 8 blocks). 

Considering the top row (and assuming a byte-wide 
interface), the x address (the three LSBs) is set to zero, 
as is the y address (3 MSBs) . The x address is then 
incremented as each of the first 8 bytes are read out. At 
this point, the top part of the address (bit 6 and above - 
LSB = bit O) is incremented and the x address (3 LSBs) is 
reset to zero. This process is repeated until 64 bytes 
have been read. With a 16 or 32 bit wide interface to the 
external DRAM, the x address is merely incremented by two 
or four instead of by one. 

The address generator can signal to the DRAM Interface 
that less than 64 bytes should be read (this may be 
required at the beginning or end of a raster line) although 
a multiple of 8 bytes is always read. This is achieved by 
using start and stop values. The start value is used for 
the top part of the address (bit 6 and above), and the stop 
value is compared with this and a signal generated which 
indicates when reading should stop. 
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SECTION 'C.7 Vertical Upsampling 

C, 7 . 1 Introduction 

Given a raster scan of pixels of one color component at 
Its input, the vertical upsampler in accordance with the 
present invention, can provide an output scan of twice the 
height. Mode selection allows the output pixel values to 
be formed in a number of ways. 
C.7.2 Ports 

Input two wire interface: 

• in_va 1 id 

• in_accept 

•in_data[ 7 :0) 

• in_lastpel 

•in^lastline 

Output two wire interface: 

•out_vaiid 

•out_accept 

•out_data [9:0] 

•out_last 

mode ( 2 : O ) 

nupdataC7:0], upaddr, upself3:0], uprstr, upwstr 
ramtest 

tdin, tdout, tpho, tckm, tcks 

pho, phi, notrsto 
C.7. 3 Mode 

As selected by the input bus mode(2:0]. 

Mode register values 1 and 7 are not used. 

In each of the above modes, the output pixels are 
represented as 10-bit values, not as bytes. No rounding or 
truncation takes place in this block. Where necessary, 
values are shifted left to use the same range. 
c.7. 3.1 Mode 0:Fifo 

The block simply acts as a FIFO store. The number of 
output pixels is exactly the same as at the input. The 
values are shifted left by two. 
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C.7.3.2 Mode 2: Repeat 

Every line in the input scan is repeated to produce an 
output scan twice as high. Again, the pixel values are 
shifted left by two. 

A-> ABACBDBCCDD 
C.7.3.3 Mode 4: Lower 

Each input, line produces two output lines. m this 
"lower" mode, the second of these two lines (the lower on 
the display) is the same as the input line. The first of 
the pair is the average of the current input line and the 
previous input line. in the case of the first input line 
where there is no previous line to use. the input line is 
repeated . 

This should be selected where chroma samples are co-sited 
with the lower luma samples. 

A-> ABAC(A-*-B) /2DB{B+C) /2C(C+D) /2D 
C. 7-3.4 Mode S: Upper 

Similar to the "lower" mode, but in this case the input 
line forms the upper of the output pair, and the lower is 
the average of adjacent input lines. The last output line 
IS a repeat of the last input line. 

This Should be selected where chroma samples are co-sited 
With the upper luma samples. 

A-> AB(A+B) /2CBD(B+C) /2C(C+D) /2DD 
C,7.3.5 Mode 6: Central 

This "central" mode corresponds to the situation where 
chroma samples lie midway between luma samples. m order 
to co-site the output chroma pixels with the luma pixels, 
a weighted average is used to form the output lines. 

A-> AB(3A*B)/4C(A^3B)/4D(3B^C)/4(B*3C)/4 
( 3C-^D) /4 (C+3D) /4D 

c.7.4 How It Works 

There are two linestores, imaginatively designated "a" 
and "b". In "FIFO" and "repeat" modes, only linestore "a" 
is used. Each store can accommodate a line of up to 512 
pixels (vertical upsampling should be performed before any 
horizontal upsamplng) . There is no restriction on the 
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length of the line in "FIFO" mode. 

The input signals in_lastpel and in_lastline are used to 
indicate the end of the input line and the end of the 
picture. In_lastpel. it should be high coincident with the 
o last pixel Of each line. In_lastline, it should be high 
coincident with the last pixel of the last line of the 
picture. 

The output signal out_last is high coincident with the 
last pixel of each output line. 
10 In "repeat" mode, each line is written into store "a". 

The line is then read out twice. As it is read out for the 
second time, the next line may start to be written. 

^" "lower", "upper" and "central" modes, lines are 
T - written alternately into stores "a" and "b". The first 

^^"^ °^ ^ picture is always written into store "a". Two 
tiny state machines, one for each store, keep track of what 
IS in each store and which output line is being formed. 
From these states are generated the read and write requests 
to the linestore RAMs, and the signals that determine when 
the next line may overwrite the present data. 

A register (lastaddr) stores the write address when 
in_la5tpel is high, thereby providing the length of the 
line for the formation of the output lines. 
C.7.S UPI 

25 This block contains two 512 x 8 bit RAM arrays, which may 

be accessed via the microprocessor interface in the typical 
way. There are no registers with microprocessor access. 
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SECTION C.8 The Horizontal Up-Samplers 

C.8.1 Overview 

In the present invention, top-Level Registers contain 
three identical Horizontal Up-samplers, one for each color 
component. All three are controlled independently and, 
therefore, only one need be described here. From the 
user's point of view, the only difference is that each 
Horizontal Up-sampler is mapped into a different set of 
addresses in the memory map. 

The Horizontal Up-sampler performs a combined replication 
and filtering operation. m all, there are four modes of 
operation : 

Table C.7.1 Horizontal Up-sampler Modes 



Mode 


Function 


1 


0 


Straight-through (no processing). The reset state. 


! 


1 


No up-sampling, niter using a 3-lap FIR niter. j 


2 


x2 up-sampling and filtering 


3 


x4 up-sampling and filtering . 





c.8. 2 Usiag a Horizontal Up-sampler 

The address map for each Horizontal Up-sampler consists 
of 25 locations corresponding to 12 13-bit coefficient 
registers and one 2-bit mode register. The number written 
to the mode register determines the mode of operation, as 
outlined in Table C.7.1. Depending on the mode, some or 
all of the coefficient registers may be used. The 
equivalent FIR filter is illustrated below. 

Depending on the mode of operation, the input, x„, is 
held constant for one, two or four clock periods. The 
actual coefficients that are programmed for each mode are 
as follows: 
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le C.7.2 Coefficients for Mode i 



Ccerr 


All c;0CK ysr.oCi 


kO 1 cOO ^ j 


1 ciO 1 


k2 


c20 



S| Table C.7.3 Coefficients for Mode 2 



Coeff 


isr dock Mriod 


2nd clock ocnod | 


1 


cOO 


cOl 1 


1 


ciO 


CM i 


k2 j 


c20 


c2l 



Table c.7.4 Coefficients for Mode 3 



1 Coeff 


1 1 St clock ocnod 


2nd dock p«nod 


3rd cfock p«nod 


j ^tn c:ccK cenod ! 


! ^0 


1 1 


cOi 


c02 


i 1 


j 


|c,0 1 


cit 


cl2 


1 . i 


! <2 

I 


|C20 1 


c2i 


c22 
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coefficients which are not used in a particular mode need 
not be progranuned when operating in that mode. 

In order to achieve symmetrical filtering, the first and 
last pixels of each line are repeated prior to filtering. 

For example, when up-sampling by two, the first and last 
pixels of each line are replicated four times rather than 
two. Because, residual data in the filter is discarded at 
the end of each line, the number of pixels output is still 
always exactly one, two or four times the number in the 
input stream. 

Depending on the values of the coefficients, output 
samples can be placed either coincident with or shifted 
from the input samples. Following are some example values 
for coefficients in some sample modes. A indicates 
that the value of the coefficient is "don't care." All 
values are in hexadecimal. 



Table C.7.5 Sample Coefficients 



1 


z2 up-sanrpie. o/p pets 
coincident with i/p 


x2 up-sample, o/p pets in 
between i^p 


x4 UP -same te. c/; re:S 
cefween vs 


: cOO 


0000 


01BO 


00E9 


j COI 


0000 


010B 


00B6 


• C02 






012A 


j C03 






0102 


I CIO 


0800 


0538 


0661 


cn 


0400 


0538 


0661 


i cl2 






04^6 


i C13 




029r 


c20 


0000 


0108 


00=5 


C21 1 


0400 


01BO 1 


00E9 


c22 1 


1 02=0 



C.S«3 DMcription of m Borliontal Up-Smnplar 

The datapath of the Horizontal Up-sanpler is illustrated 
in Figure 168 • 

The operation is outlined below for the x4 upsample case. 
In addition, x2 upsampling and xl filtering (modes 2 and i) 
are degenerate cases of this, and bypass (mode O) the 
entire filter, data passing straight from the input latch 
to the output latch via the final mux, as illustrated. 

1) When valid data is latched in the input 

latch ("L"), it is held for 4 clock periods. 

2) The coefficient registers (labelled "COEFF**) are 

multiplexed onto the multipliers for one clock 
period, each in turn, at the same time as the 
two sets of four pipeline registers (labelled 
"PIPE") are clocked. Thus, for input data x^, 
the first PIPE will fill up with the values coo.x,, 
c01.x„, C02.X,, C03.X,. 

3) Similarly, the second multiplier will multiply 

by of its coefficients, in turn, and the third 
multiplier by all its coefficients, in turn. 
It can be seen that the output will be of the form shown 
in Table C. 7 . 6 

Table C.7.6 Output Sequence for Mode 3 



Clocw Penod 


Ouiout 


0 




C20.X. ♦ clO.j;^, 




1 




C21.X., *CU.3t„.. 




2 








3 




c23 x, ^ 


':ci3.x,., 


* C03.X,., 



From the point of view of the output, each clock period 
produces an individual pixel. since each output pixel is 
dependent on the weighted values of 12 input pixels 
(although there are only three different values), this can 



be thought =, „ i.ple„e„.i„, a ,2 tap enter on „p. 
sampled input pixels. ^ 
For X! upsar,pli„5, the operation is essentially the same 
except the input data is only held for two clocK periods 
Furthermore, only two coefficients are used and th! -XL 
b ocks are shortened hy means of the multiplexers 
illustrated. ror xl filterin,, the input is only held for 
one clock period. a«: evn^^^.^^ 

expected, one coefficient and one 

"PIPE" stage are used. 

we now discuss a few notes about son,e peculiarities of 

the implementation in the present invention. 

DThe datapath width and coefficient width (13 bit 2's 
complement, were chosen so that the same multiplier 
could be used, as was designed for the Color-Space 
converter. These widths are more than adequate for the 
purpose of the Horizontal Up-sampler. 

2) The multiplexers which multiplex the coefficients onto 
the multipliers are shared with the UPI readback. This 
has led to some complications in the structure of the 
schematics (primarily because of difficulty in CCODE 
generation,, but the actual circuit is smaller 

3) AS in the Color-Space Converter, carry-save 
multipliers are used, the result only being resolved at 
tne end. 

control for the entire Horizontal Up-sampler can be 
regarded as a single two-wire interface stage which may 
produce two or four times the amount of data at its output 
as there is on its input. The mode which is programmed in 
.via the UPI determines the length of a programmable shift 
register (bob, . The selected mode produces an output pulse 
every clock period, every two clock periods or every four 
Clock periods. This, in turn, controls the n,ain state 
machine, whose state is also determined by in_val^d 
out_accept (for the two-wire interface, and the signal 
in_iast". This signal is passed on from the vertical uo- 
sampler and is high for the last pixel of every line. Th"^s 
allows the first and last pixels of each line to 
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llllj: T =1"--^ =>°wn Of the pipeline 

redundant data immediately after a line has been 

completed) . oeen 
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SECTION C.9 The Color-Space Converter 

C.9.1 Overview 

The color-space Converter in the present invention (CSC, 
performs a 3x3 matrix multiplication on the incoming S-J. 
data, followed by an addition: 



>'0 




c01 c02 c03 




^0 




c04 


yl 




c11 c12 c13 


X 




+ 


cM 


v2 




.c12 c22 c23 


U2j 




.c24 



Where xO-2 are the input data, yO-2 are the output data 
and cnm are the coefficients. The slightly unconventional 
naming of the matrix coefficients is deliberate, since the 
names correspond to signal names in the schematics. 

The CSC is capable of performing conversions between a 
number of different color spaces although a limited set of 
these conversions are used in Top-Level Registers. The 
design color-space conversions are as follows: 



R.CB-^ Y, C 



■ Where R. g and B are in the range (0..511) and all other 
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"^1 



SI 



b 

SI 
CI 
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quantities are in the range of (32.. 470). since the input 
to the Top-Level Registers CSC is Y, C„ c,„ only the third 
and fourth of these equations are of relevance. 

In the CSC design, the precision of the coefficients was 
chosen so that, for 9 bit data,' all output values were 
within plus or minus 1 bit of the values produced by a full 
floating point simulation of the algorithm (this is the 
best accuracy that it is possible to achieve). This gave 
13 bit twos-complement coefficients for cxO-cx3 and 14 bit 
twos-complement coefficients for cx4 . The coefficients for 
all the design conversions are given below in both decimal 
and hex. 

Table c.8.1 coefficients for Various Conversions 



1 1 =:,->Y 




y 








; Ccerf 


1 Cec 


Hex 


j Oec 


Hex 


Oec 


j Hex 


1 Oec 


i -91 




! 0.299 


1 0132 


0.256 j 


1.0 


0400 


1 1-169 




: iC2 


i 0.527 


0253 


1 0.502 




1.402 


059C 


j 1.5:3 




i c03 


1 O.IU 


0075 


[ 0.098 




0.0 


1 cooo 


1 o.c 






! 0.0 


0000 


16 


1 -179.456 


F4C8 


j -223.^73 


i =153 


c!t ! 0,5 


0200 


0.423 




1.0 


0400 1 1.:;r i 




1 -0.419 


PE53 


•0.358 




•0.714 


F025 


1 -o.h:; 




1 c:3 


-0-081 


FFAO 


-0.070 




-0.344 


FiAO 


i -o.i:2 




1 CM 


123.0 


0800 


128 




135.5 1 


0878 


135.7 




\c2^ 


-0.169 


P?53 


•O.tAA 




1.0 


0400 


1-159 




C22 


•0.331 


r = AO 


•0.233 




0.0 


0000 


0.0 


! :::o ■ 


C23 


0.5 


0200 


0.427 1 


1.772 1 


0717 


2.071 


i CM : 


C24 ! 


128 


oeoo 1 


128 1 




•22S.816 


F102 


•2S3 54 





Ail these numbers are calculated from the fundamental 
15 equation: 

Y = O. 299Er+0. 587Er+0.0114E„ 
and the following color-difference equations: 

' ' Co=EB-y 
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c ' \: °' quantifies considered 

c.9.2 Using the Color-Space Converter 

on reset, coi, cl2, and c23 are set to i and all other 

a d ^^-^ 

and all data is passed through unaltered. To selec- a 

color-space .conversion, simply write the appropriate 

coefficients (fro. Table c.8.1, for example, into the 

locations specified in the address map. 

Referring to the schematics, x0..2 correspond to 

in_data0..2 and y0..2 correspond to out_dataO . . 2 . Users 
Should remember that input data to the'csc must be up- 
sampled to 4M:.. X. ,His is not the case, not only will 
the color-space transforms have no meaning, but the chip 
•^ill lock. ^ 

It Should Be noted that each output can be forced fro. 
any allowed combination of coefficients and inputs plus ,or 
-nus, a constant. Thus. for any ,iven color-space 
conversion, the order of the outputs can be changed by 
s.appin, the rows i„ the transforn natri. (i.e., the 
addresses into which the coefficients are written, 

T.J"'."/ " " for all the transforms in 

Table c.8.1. If other transforms are used the user must 

remember the following: 

DThe hardware will not work if any intermediate result 
in the calculation requires greater than lo bits of 
precision (excluding the sign bit). 

2)The output of the CSC is saturated to o and 511. That 
xs. any number less than o is replaced with o and any 
number more than 51.1 is replaced with 5ll. The 
inplementation of the saturation logic assumes that the 
results will only be slightly above 511 or slightly 
below 0. Tf -Ha ncn i~ 

it uhe CSC is programmed incorrectly, then a 

common symptom will be that the output appears to 
saturate all (or most of) the time. 
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C.f.3 D«ser iption f th^ C8C 

The structure of the CSC is illustrated in Figure 169, 
where only two of the three ••components" have been shown 
because of space limitations. In the Figure, "register" or 
"R" implies a master-slave register and "latch" or "L" 
implies a transparent latch. 

All coefficients are loaded into read-write UPI registers 
which are not sho%m explicitly in the Figure. To 
understand the operation, consider the following sequence 
with reference to the left-most "component" (that which 
produces output out_dataO) : 

1) Data arrives at inputs xO-2 (in_dataO-2) . This 
represents a single pixel in the input color-space. 
This is latched. 

2) xO is multiplied by cOl and latched into the first 
pipeline register. xl and x2 move on one register. 

3) xl is multiplied by c02, added to (xl.cOl) and latched 
into the next pipeline register. x2 moves on one 
register. 

4) x2 is multiplied by c03 and added to the result of 
(3), producing (xl.cOl + x2.c02 + x3.c03). The result 
is latched into the next pipeline register. 

5) The result of (4) is added to c04. Since data is kept 
in carry-save format through the multipliers, this adder 
is also used to resolve the data from the multiplier 
chain. The result is latched in the next pipeline 
register. 

6) The final operation is to saturate the data. Partial 
results are passed from the resolving adder to the 

. saturate block to achieve this. 

It can be seen that the result is yO, as specified in the 
matrix equation at the start of this section. Similarly, yl 
and y2 are formed in the same manner - 

Three multipliers are used, with the coefficients as the 
multiplicand and the data as the multiplicator . This 
allows an efficient layout to be achieved, with partial 
results flowing down the datapath and the same input data 
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being routed across three parallel -and identical datapaths 
one for each output. 

TO achieve the reset state described in Section C.9 2 
each of the three "components" must be reset in a different 
way. In order to avoid having three sets of schematics and 
three slightly different layouts, this is achieved by 
having inputs to the UPI registers which are tied high or 
low at the top level. 

The CSC has almost no control associated with it 
Nevertheless, each pipeline stage is a two-wire interface 
stage, so there is a chain of valid and accept latches with 
their associated control (in_accept = out_accept_r * 
lin_valid_r) . The CSC is, therefore, a 5-stage deep two- 
wire interface, capable of holding 10 levels of data when 
stalled. 

The output of the CSC contain re-synchronizing latches 
because the next function in the output pipe runs off a 
different clock generator. 
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SECTION CIO Output Controller 

C.io.i Introduction 

The output controller, in accordance with the present 
invention, handles the following functions: 
•It provides data in one of three modes 

• 24-bit 4:4:4 

• 16-bit 4:2:2 

• 8-bit 4:2:2 

•It aligns the data to the video display window defined 
by the vsync and hsync pulses and by programmed timing 
registers 

•It adds a border around the video window, if 
required 
C,io,2 Ports 

Input two wire interface: 
•in_valid 
• in_accept 
•in_data[ 23 : 0] 
Output two wire interface: 
•out_valid 
•out_accept 
•out_data(23 : 0) 
•out_active 
•out_window 
•out_comp( 1:0] 
in_vsync, in_hsync 

nupdata[7:0], upaddr[4:0], upsel, rstr, wstr 
tdin, tdout, tphO, tckm, tcks chiptest 
phO, phi, notrstO, notrstl 
C-lO, 3 Out Modes 

The format of the output is selected by' writing to the 
opmode register, 
c. 10.3-1 Mode o 

This mode is 24-bit 4 : 4 : 4 RGB or YCrCb. Input data passes 
directly to the output. 
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C. 10.3.2 Modes 1 and 2 

These modes present 4:2:2 YCrCb. Assuming in_data [ 2 3 : 1 6 ] 
is Y, in_data[15:8] is Cr and in_data[7:0) is Cb. 
C. 10 . 3 . 2 . 1 Mode 1 

In 16-bit YCrCb, Y is presented on out^data C 15 : 8 i . cr 
and Cb are time multiplexed on out_data [ 7 : o ] , Cb first. 
Out_data [ 23 : 16 ] is not used. 
C.10.3.2>2 Mode 7 

55 ^'^^^ YCrCb, Y,cr and Cb are time multiplexed on 

out_data[7:0] in the order Cb, Y, Cr, Y. Out__data [ 23 : 8 ] is 
not used. 

C.IO.3.3 Output Timing 

The following registers are used to place the data in a 
video display window. 
H -vdelay - The number of hsync pulses following a vsync 

P^^se before the first line of video or border, 
•hdelay - The number of clock cycles between hsync and 
the first pixel of video or border. 

•height - The height of the video window, in lines. 
20 .width - The width of the video window, in pixels. 

•north, south - The height of the border, respectively, 
above and below the video window, in lines, 
•west, east - The width of the border, respectively, to 
the left and to the right of the video window, in pels. 
25 The minimum vdelay is zero. The first hsync is the first 

active line. The minimum value that can be programmed into 
hdelay is 2. Note, however, that the actual delay from 
in_hsync to the first active output pixel is hdelay+i 
cycles, 

30 Any edge of the border can have the value zero. The 

color of the border is selected by writing to the registers 
borderer, border^g and border_b. The color of the area 
outside the border is selected by writing to the registers 
blanker, blank_g and blank_b. Note that the multiplexing 
3=> performed in output modes 1 and 2 will also affect the 
border and blank . components . That is, the values in these 
registers correspond with in^data [ 2 3 : 16 ] , in^data [ 15 : 8 ] and 



in_data [7:0]. 
C.10.4 Output Flags 

• out_act:ive indicates that the output data is part of 
the active window, i.e., video data or border. 

• out_window indicates that the output data is part of 
the video window. 

.out_comp(i:0] indicates which color component is 
present on out_data[7 : oj in output modes 1 and 2. in 
mode 1, o-Cb, l=cr. In mode 2, o=Y, i=cr, 2-Cb. 
C.10.5 Two-Wire Mode 

The two-wire mode of the present invention is selected 
by writing i to the two wire register. It is not selected 
following reset. m two wire mode, the output timing 
registers and sync signals are ignored and the flow of data 
through the block is controlled by out_accept. Note that 
in normal operation, out_accept should be tied high. 
c.10.6 Snooper 

There is a super-snooper on the output of the block which 
includes access to the output flags. 
C.X0.7 Hov It Works 

Two identical down-counters keep track of the current 
position in the display. "Vcount" decrements on hsyncs and 
loads from the appropriate timing register on vsync or at 
Its terminal count. "Hcount" decrements on every pixel and 
loads on hsync or at its terminal count. Note that in 
output mode 2, one pixel corresponds to two clock cycles. 
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SECTION C.ll The Clock Dividers 

C*li.i Overview 

Top-Level Registers in the present invention contain two 
identical Clock Dividers, one to generate a PICTURE CLK and 
one to generate an AUDIO_CLK. The Clock Dividers are 
Identical and are controlled independently. Therefore 
only one need be described here. From the user's point of 
view, the only difference is that each Clock Divider's 
divxsor register is mapped into a different set of 
addresses in the memory map. 

The Clock Divider's function is to provide a 4X sysclk 
divided clock frequency, with no requirement for an even 
mark-space ratio. 

The divisor is required to lay in the range -o to 
-16.000,000 and, therefore, it can be represented using 
24bits with the restriction that the minimum divisor be 16 
This IS because the Clock Divider will approximate an equal 
mark-space ratio (to within one sysclk cycle, by using 
divisor/2. AS the maximum clock frequency available is 
sysclk, the maximum divided frequency available is 
sysclk/2. Furthermore, because four counters are used in 
cascade divisor/2 must never be less than 8, else the 
divided Clock output will be driven to the positive power 
rail. 

C.ll. 2 Using a Clock Divider 

The address map for each Clock Divider consists of ' 
locations corresponding to three 8-bit divisor registers 
and one i-bit access register. The Clock Divider will 
power-up inactive and is activated by the completion of an 
access to its divisor register. 

The divisor registers may be written in any order 
according to the address map in Table C.lO.i. The Clock 
Divider is activated by sensing a synchronized 0 to i 
transition in its access bit. The first time a transition 
IS sensed, the Clock Divider will come out of reset and 
generate a divided clock. Subsequent transitions (assuming 
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the d.vi.or has also been altered) will .erely cause the 
Clock Divider to lofW- f« ^ ^-^use cne 

^° to its new frequency "on- the-f ly . - 

once activated, there is no way of halting the Click 
Divider other than by Chip RESET. 

Table C.ao.i Clock Divider Registers 



Address 


Register 


00t> 


access bit 


01b 


dfVTsof MSB 


10b 


divisor 


lib 


drvtsor LS8 



used 



Any divisor value in the range le to 16,777,216 .ay be 



c.11.3 Description of the clock Divider 

The Clock Divider is implemented as four 22 bit counters 
Which are cascaded such that as one counter carries, it 

Will activate the next counter in turn a 

"'•^^ turn. A counter will 
count down the value of divisor/4 before carrying and, 
therefore, each counter win take it, in turn, to generate 
a pulse of the divided clock frequency. 

After carrying, the counter will reload with divisor/8 
and this is counted down to produce the approximate equal 
mark-space ratio divided clock. As each counter reloads 
from the divisor register when it is activated by the 
previous counter, this enables the divided clock frequency 
to be Changed on the fly by simply altering the contents of 
the divisor. 

Each counter is clocked by its own independent clock 
generator in order to control clock skew between counters 
precisely and to allow each counter to be clocked by ' a 
different set of clocks. 

A state machine controls the generation of the divisor/4 
and divisor/8 values and also multiplexes the correct 
source clocks from the PLL to the clock generators. The 



counters are clocked by diff erent • clocks dependent on the 
value of the divisor. This is because different divisor 
values will produce a divided clock whose edges are placed 
using different combinations of the clocks provided from 
the PLL. 

C.H.4 Testing the Clock Divider 

The Clock Divider may be tested by powering up the Chip 
with CHIPTEST High. This will have the effect of forcing 
all of the clocked logic in the Clock Divider to be clocked 
by sysclk. as opposed to, the clocks generated by the PLL. 

The Clock Divider has been designed with full scan and, 
thus, may subsequently be tested using standard JTAG 
access, as long as the Chip has been powered up as above. 

The functionality of the Clock Divider is NOT guaranteed 
if CHIPTEST is held High while the device is running in 
normal operation. 



SECTION C. 12 Address Map 

C.12.1 Top Level Addres 

Notes : - 

l)The register for 



S 

s Map 



the Top Level Address Map as 
forth in Table c.li.i are the names used during 
design. They are not necessarily the names that w 
appear on the datasheet. 

2)Since this is a full address map, many of 
locations listed here include locations for test on 



REGISTER NAME 



Address 



Btcs 



COMMENT 



3U_MASX 



0x0 
0x1 



aU.HNjNTEflflUPTS 



0x2 



3U.WA00R.COD_STO 
2U_WAC0n,ACC£SS 



I SU.WA00R_CTL1 



3U.3IS?ADOR_L!NE SJN.LAST.ROWO 
3U.01S?ACDR ,UN£SJN_L>ST,ROW ! 
! 3U-3'SPA00R,UN£ SJN.U^ST.RCW2 
j 3U.CISPA00R. ACCESS 
8U_0(S?AOOR_CT1.0 
3U.DtS?A0DR_CTl.l 



Write 
RAV 



1 to reset 



RAV 



0x4 
0x5 



0x6 



0x8 
0x9 
Oxa 
0x5 
Oxc 

Oxd 



RAV 
^'W- access 



RAV 



au.SM.AccEss 



0x10 



8U.8M.CTL0 



0x11 



BU.SM.TARGET IX 



RAV 
RAV 
R/W 
RAV- access 
RAV 
RAV 



R^- access 



RAV 



0x12 



8U.aM_PHES.NUM 



0x13 



aU.SM.THlS.PNUM 



3U_3W.PIC,NUM0 



sU.=M_PiC.NUM1 



I 



3u.5M_»lC_NUM2 
5U.2M_7EMP.REr 



0X14 



0x15 



RAV 



R/W- asyncft f onous 



0x16 



0x17 



0x18 



RAV 



RAV 



RAV 



RAV 



RO 



Table C.li.i Top-Level Registers A Top Level 



Address Hap 



fii 

m. 
ui 



1 






1 A(3t ^ 


1 5its 


1 CCw\iE.\rr 1 


3U 


_A0ORG£N_KeYHOL£,A00R 




1 Oi^S 

t 


1 ' 


1 Accress ;enera:cf > 


3U 


_A00RGEN_KEYHOU£,AD0n 




1 0x29 


8 


! 

1 ^eyhae. See j 


3U 






j 0x2a 


a 


'aOieC.:v2 forcorteris * 


3L'. 


.lT_PAGE,STAaT 




1 0x30 








.iT_PtAO_CYCLE 




1 OxOt 


^ 1 


R/V/ j 


= U. 


JTJA^RITE.CYCLS 




1 Cr32 


* 1 





i 3u_cc.soLrrH_i 



3U,OC.SOUTH_0 



I 2U.OC.HE(GHT.l 
! 3U.OC.H£IGHT,0 




1 3U.0C.3OR0ER,B | 0x40 


8 j RAV 


3U.OC.3LANK.R | (3 


R/W 


I 3^-OC,3L^NK,G 1 0,,, 


8 


RAV 


: 3U.OC_3mNK_9 


Ox4f j 8 pvw 


\ 3l-'.OC_HDELAY_1 


0x50 


3 


RAV 1 


i 3U_OC_HOEUVY,0 


0x51 


8 } R/W 


j 3U.OC_WEST.l 


0x52 1 3 1 FVW j 


1 3U.OC.WEST_0 


0x53 


8 RAV j 


j SU.OC.EAST.l 


0x54 


3 


RAV 1 


BU.OC.EAST.O j 0x55 


8 1 RAV j 


BU.OC.WIOTH.t 


0x56 


3 


RAV j 


BU,OC.WIOTVI_0 


0x57 j 8 


RAV j 


su.oc.voeu^Y.i 


0x58 


3 


RAV } 


3U.OC_VOELAY.O 


0x59 1 8 1 


RAV i 


3U.OC.NORTH_l 


0x5a 1 3 j R/W 


3U.OC.NORTH.0 


0x5b 1 8 


RAV 



0x5c 



RAV 



0i5d 



0x5e 



PAV 



RAV 



OxSf 



RAV 



Table C. 11.1 Top-Level Regist rs A Top 
Level Address Map (contd) 



m 

O 




8U,R£VISI0N 

Thm rouo^ng reg^t^r, tn« 'test space 

They are uniik^ty to ap ptar on trie Caiasft.tL 
SU.aM.PREs.FLAG , 0x80 




3 U.eM.sSTATE2 | 0.67 | 2 | r^ 

Table C.ll.i Top-Level Registers A T p Level 
Address Map (contd) 



? ■ 




Table C.ll.i Top-Level KegiLters' a" Top 
Level Address Map (contd) 




aUjF?UM_OATA 

j au_oc.SNP_3 



I 5U_OC.SNP,2 
' 9U,CC_SNP_,i 



3U.3M_rROMT,9YPASS 



I 0»e5 j 8 




R/W - snooper on z-^:ti;: zf 
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Table C,1X,1 Top-Level Registers A Top 
Level Address Map (contd) 

C.12.1 Address Generator Keyhole Space 

Notes on address generator keyhole table: 

DAll registers in the address generator keyhole 
. take up 4 bytes of , address space regardless of 
their width. The missing addresses (OxOO, 0x04 
etc.) will always read back zero. 

2) The access bit of the relevant block (dispaddr 
or waddrgen) must be set before accessing this 
keyhole. 
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le C.11.2 Top-Level RegistersA 
Address Generator Keyhole 



i 

j Keyi^cie =e^is;er Name 

! 




j .■^ey..c■s 

j Actress 




Co.-r.-er.:s 


1 - _ 3 ■ '^i- 3U r - - - 0, 3 AS c _M S 8 




i :xO! 


; 2 




1 2 1 f ^Nl ^ A M A A . ■ ^ ^ — 

1 3U.OlSrAODR_3U??==0.=AS£_M(0 




0x02 






3u.DlS?AOOa.3UF?==0_=ASc.-SB 

i 




0x03 


i ' 

t 


i Musi &e ! 

i i 

loaced 1 


1 3U_DlS?A00R.3UF?£3l_3ASc.MS8 


1 


0x05 


i 2 


Mus: ce 1 


3U.0lS?AC0fl.3UFr=Rt_3ASc_Ml0 


1 


0x06 


1 3 




i 


! 3U.DlS?A00R_BUFr=Rl_3ASc.LSB 


1 


0x07 


1 a 


i 

! 


1 3U_OlS?AOOR_3UFr=R2.3AS£_MSe 


1 


0x09 


i 2 


Musi oe j 


i 3U.OtSPADCR.3UFriR2.3ASc.VlO 


1 


OxOa 


! « 


Loaded 


I 


1 5U.0IS?AC0R.BUF?SR2_3ASE.'-S8 


1 


CxOb 






1 3U_3LOPATH_LlNeO_MS3 


1 


OxCd 


i 2 i 


"esi cniy 


1 3U.OLC?ATn_LlNeO.MlO 


1 


OxOe 


i ^ ! 


j 


3U_OLD?ATH_LINE0.LS3 


1 


CxCf 


13 1 


i 
1 


3U,0LDPATH^LINe 1 .MSB 




0x11 


i 


Test cniy 




3U_0L0?ATH.UNE1_MI0 


1 


0x12 


" 1 






3U_0L0PATH_UNe t .LS8 




0x13 


i 3 






BU.0LDPATH.UNE2.MS3 




0x15 


1 2 i 


Test only | 


3U.0t.0PATH,l.lNE2.Mi0 


0x16 


3 


t 


au.0LDPATH.UNE2.LSB 




0x17 


8 


i 


BU.DLDPATH.veCNTO.MSa 


Cx19 


2 ! 


Test only j 


3U_OLOPATH_\/8CNTO.MIO 


Oxia 1 


3 




2 U_OLOPATH.VBC»^O.LS 3 j 




?xib ; 


3 


i 

I 


3U.0LC?ATH_VBCNT1.VS3 | 


Oxia i 


2 


Tesi criy 


5U.CLC?ATH.VBC>m_MlO ) 


Oxie 1 


3 ! 




3U.CLCPATH_V3C.VT 1 .LS3 j 


CxU 1 


3 i 




3U.CLCPA7H.VBCNT2.MSS j 


Cx21 i 


2 ! 




res: oriy 


3U_DLCPATH_VBCNT2.MIO | 


0x22 j 


3 1 




3U_OLOPAr-'_VBCNT2.LS3 j 


0x23 


3 ! 
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le C.11.2 Top-Level RegistersA 
Address Generator Keyhole 





Access 


1 

i 3.ts 

1 


I 
1 

j CCT.fTor.-^ 

i 


; 3U.0lS?ACC = .CC.M?0.C?=3ET.MSS 


! Cx2S 


i 2 


' ^(ls: 




j 0x26 


i 3 




, au_ClSPAOC?^_CCM?0_OPr5cT.LS3 


0«27 


1 9 


1 


j 3U.CIS?ACCR_CCM?i_Orr3=T_.ViSa 


I 0x29 


! 2 


j Musi :e 


: 3'J.r!S?ACC.n.CCMP ! _OPr3cT_MlO 




! 3 


! L-aie; 


1 5U.D!S?ACC.=^.CCM? ! .OF?3HT_LS3 




i ^ 


1 


; 3U_DlS?AOCR_CCM?2,OFr5=T.MS3 


0x2^ 


1 2 


1 Musi :e 


j 3U.OiS?AOO?=^.CCMP2,OPr5cT_MIO 




a 


Leaded 1 


1 au_0!S?ACCa_CCM?2_OFP3cT.U33 

i ■ 




1 ' 


i 


i 3U_0iS?AOC?._CCMP0_VSS_MS3 


' 0x3 1 


1 2 


1 Musics • 


! 3U OlSPACC^ COMPO V8S MiO 
t * ~ ~ ~ 




1 8 


1 

1 Loacec 


; 3U_0iS?ACCa_CCM?0.V8S.LS3 


WSJ J 


! 3 


1 
1 


[ 3U_DIS?A003_CCMP1_\/BS,MS3 




i 2 


j Mus: ne • 


j 3U_DtSPA00R_C0MP ! VBS MrO 






Loaded ; 


3U_ClSPAD0fl.C0MP 1 _VB5.LS3 


0X37 


» 1 




1 3U OtSPADDfl CCMP'P VBS M^A 


0x39 




! Mustse 


' 3U DiSPADDP C3MP3 VfiS Min 


Ox3a 






i 3U.0lSPADOfl_COMP2 VBS LS8 


wXJO 




1 i 


1 3U,aOCR_CCMPO_mBS MSB 


wx;}a 


2 


Must oe 




3U_AOOR.COMP0 HBS MID 




6 


Loaded 




BU AOOR COMPO H9S LSB 1 




9 






SU.AOOR COMPI HBS MSB 




2 


Musise ! 


3U.A00R_COMPl_HBS MIO j 




9 


r 

Loaced ; 


^ 3U_A00R.COMPi.HBS.LS8 1 

! t 


0x43 1 


9 




3U_AOOR_COMP2.HeS.MSB 


0x45 1 


2 


Must 5e ; 


SU.A00R_COMP2_H9S.MrD | 


0X4$ 1 


9 


Loaded 


3U.A00R.COMP2.H9S.LSB | 


0x47 1 


8 




3U_0JS?A0DR_COMP0.HBS,MSB | 


Cx49 


2 1 


Musi re 


2U_0!SPAOCR.COMPO.HBS.MIO 


Ox4a 1 


9 1 


Lcaced 


SU.OiSPACCR.CCMPO.HfiS.LSB | 


0x46 ! 

1 


8 ! 




3U_DlSPACCR_C0MPi.HBS.MSa } 


0x4<3 ! 


2 ! 

1 


Mus: re 


SU.CISPACCR.CCMP ! _MBS.MlO } 


0X4« j 


3 ! 


Loaded 


au_cis?AcoR_cOMPi,Has_LSB j 


0X4( i 


8 j 





le C.li.2 Top-Level RegistersA 
Address Generator Keyhole 



Keyricie Pe^ister Name 


1 Xeyr.ote 
1 

; Acofsss 


; ^ 1 

3«ts • Cor-PT.eris 


j 5iJ.C!S?ACC3.CCMP2 ^,53 


t Cz5> 


' 2 




1 3U 2lS?AC0R COMP? -s^^ uin 


i CxS2 




; 


w w ^ w • w * ^ w w * < ^ \^ rvi ~ t wd 9 


1 0x53 


i 3 






1 0x55 


! 2 


! "es: Cr.!y 


1 ail ^icp4r"na r*vjT 1 r^™-^ ^Jlr^ 
, — w . — t a w — rt ."^'N ( _L s.- : -j^M 1 0 


j 0x55 


1 3 


1 




! Cx57 


■ 3 


1 


3U.ui5rA0uH_CNT_L£r 1 1_MS3 


i Cx59 


i 2 


j ~ss; cr.tv 


I 3U_ulS?A00R_CNT_LHrTl_MI0 


1 0x5a 


1 3 


1 
1 


1 SU_OlSPACCR_CNT_L£FTl,LSS 


1 0x5b 




1 


I BU_OlS?AOOR_CNT_L£rT2_MS3 


j CxSd 


1 2 


! ' SSI ZCit'f 


1 3U_OiSPAOOR_CNT^LEF72.MlO 


j 0x5e 




1 


1 3U.ClS?AOCR_CNT_L£rT2.LS8 


1 0x5/ 


! 3 


1 

1 


3U.CIS?AOCR.PAG£_AOORO_MS3 


j 0x61 


i 2 


j Tes; -niy I 


1 BU_CIS?AOOR.PAG£.AOOR0.M(O 


1 0x62 




1 1 


3U_DlSPA00R.PAGc.A00RC.LS8 


! 0x63 


i 3 


1 i 
I 


3U,0(SPAC0R_PAGE.AO0R!.MS3 


1 0x65 


1 2 


I Tes; cn.y ; 


3U.0ISPA00R_PAGE.AD0R1.MI0 


1 0x66 


I a 


1 


1 3U.0lSPAC0R,PAG£.A00fll_LS3 


1 0x67 


a 


1 ; 


3U_OISPAOOR.PAGE.AOOR2.MSa 


1 0x69 


2 


1 Tes; or:y j 


BU,OiSPAODfl.PAGE.AOOR2_MlO 


0x6a 




1 


eu.0lSPA0DR_PAGE_AOOR2.LSB 


0x65 


3 


i 


SU.OlSPAOOR.BLOCK.AOORO.MSa 


0x6d ! 




Test rr:y 


3U.OISPAOOR.8LOCK_AOORO.MIO 1 


Ox5e ! 


3 


1 

. 


1 — • . — , ■ 

1 3U.OISPAOOR.8LOCK.AOORO.LSB | 
( — : 


0x6r i 


3 1 




BU.OISPAOOR.BLOCK.AOOR 1 _MS3 | 


0x71 1 


2 1 


Tesi cniy 


8 U.OISPaOOR_3LOCK_AOOR 1 .MIO 


0x72 1 


3 




3U.OISPAOOR.8LOCK.AOOR1_LS3 | 


0x73 I 


3 




eu_0lSPA00fl_3LOCK.AD0R2.MSa 1 


0x75 [ 


2 i 


Test zr.;y 


3U.3ISPaC0R.SLOCK.AO0R2.MI0 | 


0x76 ( 


1 




3U.CtSPAC0R.3LOCK,A00Pi.LS8 | 


0x77 1 


a ! 




3U.3lSPAOOR.3LOCKS_L£rro.MS3 1 


0x79 1 


2 


Tes: zr y 


au.OlSPAOOR.SLOCKS.LEPTO.MiO . j 


0x73 ! 


' i 




3U_0iS?AOCR.eLOCKS.L£rr0_LSa 1 


0x76 1 


9 . i 
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Table C.11.2 Top-Level RegistersA 
Address Generator Keyhole 



Key^oie .Register Name 


Keyhole 
Address 


1 

3>'^ 

! 


! 1 
; 1 
1 - - « 

• i 


5U.2;S?ACCfl_2LCCi<S.L£rTl.MS3 


Ox7d 


1 2 




3U.0!S?AD0fl.3LOCKS.-.==Tl _MI0 


Ox7e 


1 a 


1 


] 5U_DlS?AO0R_3LOCKS.LEm.LS3 


0x7r 




I 


9U.CIS?A0CR.3LOCKS.LrrT2.ViS3 


0x81 


! 2 


1 Tes; only 

! i 


! 3U.riS=AC0H_3LOCKS.U£rT2.MlO 


OiS2 


8 




{ 3U_C:S?A0Cn,3LOCKS.U=?T2.LS3 


0x63 


i 9 


1 


j 3U_'VACOR,3UPr=n0.3AS£.MS3 


0x85 




Mus: :e j 


3U.WAC0R.3Ur?ci=^0_3ASc.MlO 


0x86 


8 


Loaded | 


3U_WAOOfl.3UrF=30_3ASc.LS3 


0x87 


8 


j 


I 3U.WA00R_3UFF£.qi,3AS£_MS3 


0x69 




Musi se i 


! 3U.-.VACOR.3Urr£Rl.3AS£.MlO 


0x8a 




Loaded 


1 3'J_WAuCR_3Urr=Rt.3AS£.LS3 


0x8b 


3 




SU.vVAC0R_3UFrER2_3ASE.MS3 


0x8d 




Wus; :e i 

r 


1 3U.'VA00R.3UFF=Pi,9ASe.MlO 


0x6e 


8 


Loaded j 


3U.WA00R_3UFFHa2_3AS5.LS3 


OxSf 




1 

! 


3U,WA00R_COMP0.HM8A0DR,MS3 


0x91 


2 


Test only 1 


eu.VVAOOfl.COMPO.HMBAOOR.MlO 


0x92 


8 


! 

t 


3U.VVACOH_COMP0_MMBAOOR,l.SB 


0x93 




! 


SU.WAODR.COMP 1 _MMBA00R.MS8 


0x9S 




Tes; on:y j 


3U _W AOOR.COMP 1 _HMBAOOR.MlO 


0x96 




! 


3U_WA00R.COMP 1 _MMBAOOn,LSB 


0x97 


8 


! 


3U.WA00R,COMP2_MMBA00R.MS3 


0x99 




Tes; onty 


3U.WACOR,COMP2.HMBAOOR.MIO 


Ox9a 


9 


i 


! 3U.WAOOfl.COMP2_HMBAOOR_LSB 


0x9b 




1 


3U_WACOR.COMP0_VMBA00R.MSB 


0x9d 


2 


Test only j 


3U.WACOR_CCMPO.VMBAOOR.MIO 


0x9e 




i 


3U_WAO0R.COMP0_VMBAOOR_'-S3 


0x9f 






3U_WAC0R_COMPi_VMBAO0fl.MSB 


Oxal 




Tes; cn:y 


j 3U_WAD0R_CCMP1.VMBA00R.MI0 


Oxa2 






5U,WAC0R.C0MP1.VMBA0DR.LS3 


Oxa3 






j 3U.WA0CR.COMP2.VMBA0OR.MS3 


OxaS 




Tes; criy 


j 3U.WAOOR_COMP2,VM8AOOR_MlO 


Oza6 







1 3U.WA0CR COMP2 VM8A00R LSB 
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Table C.1X,2 Top-Level RegistersA 
Address Generator Keyhole 



Keynote Register Name 


Keynote 
- Aodr&ss 


1 

p 




3U VBACCfl MSB 


1 0ia9 


1 


1 Test criy 




Oxaa 


1 a 
1 ^ 


i 
1 




1 Oxao 


! ^ 


1 
1 


3U_WAOOR,COMPO__HALF_WIOTH_IN_BLOCK$_MS8 


1 Oxad 


1 _ 


Must 5e 


3U_WAOCR_COMPO.HALF_WIOTH,IN.3LOCKS.MIO 


Oxae 


i 8 


1 

! Lsaced 


BU_WAOC3.COMPO.HALF_WIOTHJN.3LOCKS.LS3 


Oxaf 


i e 




3U.WA00a_COMP 1 .HALF.WIOTH JN.3LOCKS.MS8 


1 Oxbi 


i 2 


Must ze 


BU.WAOOR.COMPl.HALF.WlOTH.IN.BLOCKS.MIO 


0x02 


1 8 


Loaded 


3U.WAOOR.COMPl_HALF_WlOTHJN_8LOCKS_LSa 


Orfe3 


3 




3U.WACOR.COMP2.HALF_WIDTHJN,BLOCKS.MS8 


OxbS 


i 2 


Mus: 5e : 

i 


3U.WADOR.COMP2_HALF_WIOTHJN.BLOCKS.MIO 


0zb6 


1 3 


Leaded ; 


3U_WADOR.COMP2.HALF_WIOTH,IN_SLOCKS.LS8 


0x67 


j 3 

1 




BU.WAOOR.HB.MSB 


0x&9 




Test only | 


3U.WAO0R.HB.MIO 


OzOa 


a 


1 
1 


BU.WAOOR.HB.LSB 


OxfiO 


8 


1 
i 


3U,WAOOR,COMP0.OFFSET_MS3 


OxDti 


2 


Mus; De ! 


3U.WAO0R.C0MP0.OFFSET.MIO 


Oxoe 


8 


1 

Loade^f ; 


3U_WAO0R_COMP0.OFFSCT.LSB 


OxM 


8 


• 


3U.WAO0R.COMP 1 .OFFSCT.MSB 


Oxct 


2 


Must oe 1 

1 


6U.WAO0R.COMPt_OFFSCT.MI0 


0xc2 


5 


Loaded t 


BU.W AOO R.COMP 1 ,OFFS CT_LS B | 


1 

Oxc3 


8 


1 
1 


BU_WA0DR.C0MP2.0FF5CT_MSB 


OxcS 


2 


Mus: &e 


3U.W AO0R_COMP2.OFFSCT_Ml 0 | 


OxcS 1 


8 


Loaded j 


8U.WADDR_C0MP2.0FFSCT.LSB | 


0xc7 1 


8 




3U.WA00R.SCRATCH_MSB 


Oxc9 


2 


Test only 1 


3U_WA00R.SCRATCH.MI0 


Oxca I 


3 


1 


3U,WA00R_SCRATCH.LSB 


OxcD 1 


8 


1 

1 


3U_WA00R_MBS.Wl0e_MSB | 


Oxcd 


2 


Mus: oe 


au_WA0OR_MBS.WlOS.MlO 1 


Oxcs 1 


8 


Leaded 


3U_WAC0R_M8S.WIDE.LSB | 


Oxcf 1 


8 




SU.WAOOR.MBS.HIGH.MSB j Oxdl j 


2 i 


Musi re 


t 3U.WAOOR_MBS_HJGH.MlO j 


0ie2 1 


3 i 


Loaceo 


3U_WAC0R.MaS.HlGM.LSB | 


0xd3 1 


8 1 
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le c.11.2 Top-Level RegistersA 



Address Generator Keyhole 


Keynoie Register Name 


Keynote 
Address 


3its 

1 


Ccrrr-er.-j 


5U_'WA*C-? C3MP0 LAST M9 IN SOW »j*ca 


1 OxdS 


2 






1 Oxd6 


3 


1 Lcarec 


3U V^ACOR C^MP'i LAST Mfi iM ar^uu 1 ca 


1 0id7 


8 




1 3u_infMv,u«_^^wMh' 1 _LA5 t _MB_.N^RCW_MS8 


1 02d9 


2 




1 au_vvMuun_'wUMP 1 _LAS 1 _.v8 IN RCW MfO 


Oxda 


8 


Loacsc 


— wMK 1 _LA5T_MB.IN_^ROW_^LS3 


Oxdb 




1 


8U_WACCR_CCMP2_LAST_M8JN_R0W.MSS 


1 Oxdd 


2 




aU.WAaO.R,CCMP2.L>ST^MBjN.flOW,MlO 


1 Oxde 




Lsacec I 


BU_WAODR_CCwP2.L>ST_MBjN_flCW.LS9 


Ozdf 


8 


f 


aU,WACCR,CCMP0_LAST_M9jN.HALf.ROW_MSa 


Oxei 




{ Mus: :e 


9U_WADOR.CCMPO,UAST.MB_IN_HALF_ROW.MIO 


Oxe2 




Lcac&s 


3U,WACOR_CCM?0_!J^ST.MBJN.HALF_ROW.US8 


1 0xe3 


8 




3U_WA00R.COMPl.LAST.M8jN,HAUf.ROW_MS8 


Oxei 


2 


Must 5e 


3U.WACDR.COMP1.LAST.MBJN_HALF.ROW.MIO 


0xe6 


8 


1 

Loaced 

I 


3U.WADGR.COMPl_mST.M8jN_HALf.ROW_LSB 


0xe7 


8 


3U.WACCR.CCMP2_LAST_M8_IN_HALF.ROW.MSB 


0xe9 


2 


Mijs: r* i 


3U.WAC0R.C0MP2_UAST.M8JN.HAL5 ROW MIO 
1 1 


Oxea 1 


8 


j 

Loaded ; 

1 


9U.WAOOR.COMP2.LAST_M6.IN.HALF.ROW_LS8 


Oxeb 


« i 


3U.WAC0R.COMP0.LAST_ROWJN.M8_MS8 


Oxed 1 




Mus; oe ' 


8U.WA0OR.COMP0.tAST.ROWJN.MB.MlO 


Oxe« 1 


8 


Loaded ; 

< 


8U.WA00R.COMP0.LAST_flOW.IN.M8.LSa 


Oxef 


8 I 


au.WACOR.COMP 1 .LAST.ROWJN_MB.MS8 


Oxfl 1 


2 


Mus; ce 


8U.WADCfl.COMP 1 .LAST.ROW.IN_M8.MIO 


Oxf2 


8 


Loaded ! 


8U.WA0OR.COMPl_LAST_ROW_IN.M8.LS8 


OxfO 


8 




3U.WAOOR,COMP2_LAST.ROW.IN.MB.MS8 


OxtS 


2 


Musi se ! 


3U.WAOOR_COMP2_LAST.ROWJN.M8_MIO 


0x16 


8 


Lcaced 


3U.WACCR.COMP2.LAST.ROWJN.M8.LS3 | 


Oxf7 


8 




3U.WAOCR.COM?0_3LCCKS_?£R_M8.ROW_MSB 


0xT9 1 




Mus: :e 


3L',WACCR.CCMPO.BLOCKS.PcR.MB.ROW_MlO 


Oxfa 


« i 


Loaded 


9U.WA0DR.C3MP0.3LOCKS_?SR.MB.ROW.LSa | 


Oxfb 1 


8 




au.WACOR.COMP i_3LOCKS.PER.MB.ROW_MS8 


Oxfd J 


2 i 


Mus; re 


3U.WACCR_CCMP 1 .3LOCKS_P£R.MB.ROW_M!D 


0x1 e 




Loaoec 


3U,vyAC-R,rOMP 1 .3LOCKS.PSR.M8.ROW.LSB 


Oxff 1 


3 1 
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Table c.ia,2 Top-Level RegistersA 
Address Generator Keyhole 



Keyftcie Register Name 



I Keynote 



\ 3U.WA3CP,CCMP2.5LCCKS.P£a_Ma.nOW, 


.MS3 


i CxlOl 


1 2 




; 3UJ.VACCP.COMP2.9LOCKS,PE.=^.M9.30W. 


.MIO 


1 Ox:o2 


1 8 




; 3U.VMZCR,CCMP2.3LOCKS.P£3_M9_RCW. 


XSB 


1 0x103 






1 3'J.WAC0R_CCMP0.LAST_MB.ROW.MS3 




1 OztOS 


1 2 


f JLIl >•* 


; 3UJ.VAOOR_COMP0.LAST_M8_RCW.MiO 




1 0x1C5 


i 3 


1 


; 3U.WACDR_COMP0.LAST.MB_ROW,LS3 




1 0x107 


1 8 


* 


{ 3U.WACCR_COMPl_LAST_M8.ROW.MS8 




j Cxi 09 


I ^ 




j 3w'_WACuR.C0MP 1 .LAST,M8.ROW.MIO 




1 CziOa 

1 W* » U4 


1 3 


j 

1 Loaceo 


1 3U.WAOCR.COMPt.LAST_Me.ROW,LS8 




1 OxlOb 




j 


I 3U.WAOCR.COMP2.LAST_MB,RCW,MS3 




1 OxiOd 


1 2 


1 Mus: :e 


; 2t'_WACCR.CCMP2.LAST.M8.ROW,MI0 




( Ox t Ce 


i a 


1 ' 
I Lsaee^i | 


j 3*J.VMCCR.CCMP2_LAST_MB.RCW_LS3 




1 ^xior 


1 a 


! 1 


■ 5U.VVA0CR_COMP0.HaS.MSa 




1 Ox 1 1 1 


1 2 


1 Mus;re i 


1 3U,VVAC;CR_COMPO.HBS_MIO 




1 Ox 1 1 2 


1 ' 


I 

! Lraced ; 


1 5U_VVACOR_COMPO_HBS.LSB 




1 0x113 


i a 


i 


j 3U_VVAC0fl.COMPl_H8S.MS8 




j 0x115 


1 2 


j Musrr* ; 


j 3U.WADCR_COMPi HBS MIO 

] z • 




1 0x116 


1 8 


1 L3ade<3 t 


j 3U.WACCR.COMPl_HBS.LSB 




1 0x117 




1 


; 3'J.WACCR.COMP2.HBS_MS8 


0x119 


h 


j Mus:3e j 


1 3U_WA00n_COMP2.HBS.MI0 


Oxlla 


1 3 


■ Loaded I 


j 3U.WA00R.COMP2_M8S_LS8 


Oxilb 


1 8 


' J 
( 


! 9U.WAO0R.COMP0.MAXH8 


Oxnr 


i 2 


j Mus;3e ! 


1 3U.WACOR.COMP1_MAXHB 




0x123 


h 


1 j 
' Lsaoec 


1 3U.WAOOR.COMP2.MAXHa 


1 


0x127 


h 


1 ! 


j 3U.WAC0R.COMP0.MAXV9 


Cxl2a 




1 Must re 


j 3U_WACOR.COMP1_MAXVB 


1 


Cxl2r 


! 2 


Lcaoeo i 


I 3U.WACOR.COMP2,MAXV3 


i 

1 


Cxi 33 


1 2 


1 

; 



C.12.3 Horizontal Upsampler and Color Space Converter 
Keyhole- • 
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Ta^le C.XX.3 H-Upsa„plers a„a Cspace Keyhole Address Map 



^1 



Name 


Keyhcie 
Address 


3iU 


Commenr 


3U.UH0.AC0., |0,0 Is \ PA'^.Co^nO.O 


9U.UHC.A00.0 


0x1 


8 1 


BU.UHO.AOl.t 


0x2 


5 


» ' * ^^^11 1 


3U_UHO_A01.0 


0x3 1 8 




3U,UH0,A02,t 


0x4 


e 
3 


rvT* * VvOvn \J,£ 


8U_UH0.AC2.0 


0x5 


8 




3U,UHO.A03.1 


0x6 




rvW- CO«n 0,0 


3U.UHO.A03.0 


0x7 


8 




8U,UH0,A10_1 


0x8 


5 


rvW. Coeft 1 .0 


SU.UHO.AIO.O 


0x9 


8 




BU.UHO.AIi.1 


Oxa 


5 


H/w- coefi 1,1 


BU_UHO_AM_0 


0x0 


6 




8U.UH0.A12^1 


Oxc 


5 


RAV- Coeff 1.2 


8U.UHO.A12.0 


Oxd 


9 


au.UH0_Al3_l 1 0x0 


5 


RAV- Coeft 1.3 


8U.UHO.A13.0 


Oxf 


8 


8U_UH0.A20_1 1 Ox!0 


5 


RAV- Coeff 2.0 


8U_UMO,A20_0 1 0x11 


a 
B 


BU_UH0_A2t,1 


0x12 


5 


RAV- Coeff 2. 1 


BU_UM0.A21_0 


0x13 


8 


8U,UH0.A22_1 


0X14 


5 


RAV. Coeff la 


BU.UM0.A22.0 1 0x15 


8 


BU_UH0.A23_1 


OxiS 


5 


RAV- Coeff 2.3 


BU_UHO.A23.0 


0x17 


8 


BU.UHO.MOOE 1 0x18 


2 


RAV 


8U_UM1.A00_1 


0x20 


5 


RAV- Coeff 0.0 


BU.UH1.A00.0 1 Oa2l 


8 


9U.UM1,A01.1 


0x22 


5 


RAV. Coeff 0,1 


BU_UM1_A01,0 


0x23 


8 


3U,UM1.A02.1 j 0x24 


S 


RAV. Coeff 0,2 


9U.UH1.A02_0 1 Ct25 


a 


9U.UH1_A03.I 1 0x26 


5 


RAV. Coeff 0.0 


BU.UH1.A03.0 1 0]^7 


8 
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H-Upsamplera and Cspace Keyhole Address 





Keyhole 

A<3(3fftSJ 


1 
f 

1 3ilS 

1 


1 

1 CcfT^prenc ' 

!. ! 




1 0x23 


S 






0x29 


6 


1 




1 Cx2a 


S 


R/V/.Coeffi.! i 


3U.UH1_A1 1.0 




8 




3'J.'JH1_A12.1 


Ox2c 


S 


aw- ccert ;.i 1 


= L-.'-Ht,A:2_0 


Cx2d 


8 




j 5U.'JHt_Al3.1 


0x2e 


S 


av/. Coeff:.3 1 


3U_'JH1_A13.0 


Cx2r 


8 


1 
1 


3U.'JHl.A20,t 


0x30 


5 


R/W. Coeft2.0 i 


3U,'JHt,A20,0 


0x31 


8 


1 


au JJM!_A21.1 


0r32 


5 


a%v. Coeff 2. 1 j 


9UJJH1,A21,0 


0x33 


8 


i 


3U_UHt_A22.1 


0x34 


5 


RAV- Cceff 2.2 1 
1 


3U.UH1.A22.0 


0x35 


8 




3U.UH1.A23.1 


03C3S 


5 


RAV. Coeff2,3 j 


3U,UH1_A23.0 


0x37 


8 


t 
t 


9U.UMI.MO0E 1 


0x38 


2 


av/ j 


BU,UH2_A00,I 


0x40 


5 


RAV- Coeff 0.0 




aU,UH2.AOO.O 


0x41 


8 






BU_UH2.A01.1 1 


0x42 


5 


RAV- Coert 0.1 j 


3U.UH2.A0t.0 


0x43 


8 


t 
( 


8U.UM2.A02_l 1 


0x44 


5 


RTW- Coert C.2 




BU,UH2.A02.0 . 


0x45 


8 






3U.UH2_A03,1 1 


0x46 


S 


RAV- Coert 0.0 j 


9U.UH2_A03.0 ( 


0x47 


8 


1 


BU.UM2.A10.1 1 


0x46 


5 


a-w. Coert 1.0 




3UJJM2.A!0.0 1 


0x49 


8 






3U.u.H2_An.t i 


Cx4a 


5 


a%v. Coert 1.1 } 


3U_L':-:2,An.O | 


0x40 1 


8 


j 


3U_VH2_A12.1 j 


0X4C j 


5 


RAV- Coert 1.2 j 


3L;_*JH2_A12_0 | 


Cx4<j 


» 1 




3UJJM2_At3.l j 


CX4« 


S 


RTW- Coert 1.3 : 


BUJJH2.At3.0 ! CxA' 


8 


1 
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Table c.ii 



H-Upaamplers and Cspace Keyhole Address 



Keyhole Register 


Keynote 

AdCrass 


Bus, 


1 

1 Comment 
1 


3U_UH2_A20.i 


CxSO 


! 5 


I V.v. Coert 2 0 ! 


1 3U.UH2,A20 


.0 


OzSl 


3 


1 ! 

' i 


3U.UH2_A51, 


,1 


1 0x52 


5 


1 ?AV. Coeff 2 ! ' 




.0 


0x53 


3 


1 ' ] 


3U.UH2_A22. 


.1 


1 CxS4 


5 


P/.v- Coett 2.2 1 


3iJ_UH2_A22. 


.0 


0x55 


1 


( 1 
I j 


3U.UH2.A23. 


1 


0x56 


5 


PAV- Coeff 5 T 1 


3U.UH2_A23. 


0 


0x57 


3 


1 

' ! 


3U_UH2.MO0c 


0x58 




1 r^/W j 


BU_CS_A00,1 


0x60 


t c 
1 5 




8U_CS_AC0_0 




1 0x6 1 


1 a 




3U.CS.A10.t 




c 
9 


1 


3U_CS_A10.0 


0x63 


1 a 


t t 
1 1 


9U.CS.A20_1 




e 


1 ^'^^ j 


3U.CS.A20_0 






o 
O 


1 


SU.CS.SO.l 


uxoo 




1 


9U.CS.B0.0 




0x67 




! 
i 
1 


BU,CS_AOl.l 


GttiR 1 


e 


R/V/ 1 
1 


BU.CS.AOl^O 


0x69 


a 
o 


! 


BU.CS.All.t 


0x6a 


* 1 




BU.CS.A11_0 


0x6b 


a 1 
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SECTION C.13 Picture Size Parameters 
C. 13 • 1 Introduction 

The following stylized code fragments illustrate the 
processing necessary to respond to picture size interrupts 
from the write address generator. Note that the pictur- 
size parameters can be changed "on-the-f ly " by sending 
combinations of HORI20NTAL_MBS , VERTICAL_MBS and 
DEFINE_SAMPLING (for each component) tokens, resulting in 
write address generator interrupts. These tokens may 
arrive in any order and, in general, any one should 
necessitate the re-calculation of all of the picture size 
parameters. At setup time, however, it would be more 
efficient to detect the arrival of all of the events before 
performing any calculations. 

It is possible to write specific values into the picture 
size parameter registers at setup and, therefore, to not 
rely on interrupt processing in response to tokens. For 
this reason, the appropriate register values for SIF 
pictures are also given. 

C.13, 2 interrupt Processing for Picture size Parameters 

There are five picture size events, and the primary 
response of each is given below: 
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else i! f^is_ever.;) 

eise if (def.it-rpO.event) 

( 

lc4d (Mjeiii:; j 

^,Ji lead ^^^aJcvbfCM: 

%| ) 

else i* (de; s&rr^l «v«r.tJ 

n ii 

Ul ioad (r;4jchi)(in ; 

^ load (r-ax-.'b( i: ) ; 

Isf:, «^*« ;def_SA.":^2_ever.t) 

m , 

M load (.tva3e-j3(2M ; 

^ load (TAXVbfl) I ; 



In addition, the following calculations are necessary to 
retain consistent picture size parameters: 

de;_S4r:pO_ev«nc| I der.sar^l.event | | def. ja.T?2_-ver.t » 

f = r (i«0; i<=;ax_ccr:pcr.er.t; i-*) 

( 

r^sUl • ad^r.-^is ( i I « {.TAxh^tiJ -ll ' .Tfcs.wiie; 
r.al!_-'idi>._in_blccJts t i] » ( (eia:chb( i 1 •! } • .r±s_- li- > / : . 
lasz_ri_in.r-wti I . his(il - (.-naxhi ( i I - 1 ) ; 
lA«*_='J_ir._.*-.alf_rcwi i! « hal r_widt-1.in_bl=c)cs ( i .* - 
-1) ; 

lasc_rcw_in_sibCi I • hbsiil ' naxvbdl; 

la$t..Tii_row(i I - blec>cut«r.ri.row( il • JrnSs.^- -r. • 1 ' . 



Although .t IS not strictly necessary to modify the 
dispaddr register values (such as the display window size, 
in response to picture size interrupts, this may be 
desirable depending on the application requirements. 
C.13.3 Register Values for siF Pictures 

The values contained in all the picture size registers 
after the above interrupt processing for an SIF, 4:2:0 
stream will be as follows: 
C. 13. 3.1 Primary values 



3U_WADCR.MBS.WIDE = 0x16 
5U_WA00R,MBS,HIGH = 0x12 
rU.WAOOR.COMPO.MAXHB = 0x01 
='J.WAOCR_COMP1.MAXHB = 0x00 
3U.WAOOR.COMP2.MAXHB = 0x00 
2'J_WAODR_COMP0.MAXVB = 0x01 
2U_WADOR_COMPl_MAXVB = 0x00 
BU_WAO0R_C0MP2.MAXVB = 0x00 

C.13.3. 2 Secondary Values - After Calculation 



3U_WADDR,COMP0_HBS = 0x2C 
BU.WADDR,COMPl_HBS = 0x16 
3U_WA00R_COMP2.HBS = 0x16 
3U_ADOR_COMP0_H3S = 0x20 
BU.ADDR.COMPl.HBS = 0x16 
3U_ADOR_COMP2_HBS = 0x16 

3U,WADDR_COMPO_HALF_W1DTHJN_3LOCK3 = Cx:5 
au_WADDR_COMPl_HALF.WIDTHjN_BLOCKS = CxC3 
BU.WADDR.C0MP2_HALF_WIDTH_IN_BL0CKS = 0x03 
BU WADOR COMPO LAST MBJN ROW = Ox2A 
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BU_WADOR.COMPl_LAST_M8.IN_ROW = 0x15 
BU.WADDR.COMP2.LAST_MB,IN_ROW = 0x15 
BU.WADDR.COMPO.LAST.MB.IN.HALF.ROW = 0x14 
BU_WADDR.COMPl_LAST_MB_IN_HALF_ROW s OxOA 
BU_WADDR.COMP2_LAST_MB_IN.HALF.ROW = OxOA 
BU_WADDR_COMP0_LAST_ROWJN_MB = 0x2C 
BU_WAODR.COMPl_U^ST_ROW_IN_MB = 0x0 
BU_WADDR_COMP2_LAST_ROW_IN.MB = 0x0 
BU_WADDR_COMP0_8LOCKS_PER_MB_ROW = 0x58 
BU_WADDR_COMPl_BLOCKS_PER_MB_ROW = 0x16 
BU_WADDR_COMP2_BLOCKS_PER_MB_ROW = 0x16 
8U_WADDR_COMP0_LAST_MB_ROW = 0x508 
8U_WADDR_COMPl_LAST_MB_ROW = 0x176 
BU.WADOR_COMP2_LAST_MB.ROW = 0x176 



Note that if these values are to be written explicitly 
at setup, account must be taken of the multi-byte nature of 
most of the locations. 

Note that additional Figures, which are self explanatory 
to those of ordinary skill in the art, are included with 
this application for providing further insight into the 
detailed structure and operation of the environment in 
which the present invention is intended to function. 



The af oredescribed pipeline system of the present 
invention satisfies a long existing need for an improved 
system having an input, an output and a plurality of 
processing stages between the input and the output, the 
plurality of processing stages being interconnected by a 
two-wire interface for conveyance of tokens along the 
pipeline, and control and/or DATA tokens in the form of 
universal adaptation units for interfacing with all of the 
processing stages in the pipeline and interacting with 
selected stages in the pipeline for control data and/ or 
combined control-data functions among the processing 
stages, so that the processing stages in the pipeline are 
afforded enhanced flexibility in configuration and 
processing. In accordance with the invention, the 
processing stages may be configurable in response to 
recognition of at least one token. One of the processing 
stages may be a Start Code Detector which receives the 
input and generates and/or converts the tokens. 

The present invention also relates to an improved 
pipeline system having a spatial decoder system for video 
data including a Huffman decoder, an index to data and an 
arithmetic logic unit, and a microcode ROM having separate 
stored programs for each of a plurality of different 
picture compression/decompression standards, such programs 
being selectable by a token, whereby processing for a 
plurality of different picture standards is facilitated. 
The present invention may also include tokens in the form 
of a PICTURE_START code token for indicating that the 
start of a picture will follow in the subsequent DATA 
token, a PICTURE_END token for indicating the end of an 
individual picture, a FLUSH token for clearing buffers and 
resetting the system, and a COD I NONSTANDARD token for 
conditioning the system for processing in a selected one 
of a plurality of picture compression/decompression 
standards. The present invention also relates to an 
improved pipeline system for decoding video data and 
having a Huffman decoder, an index to data (ITOD) stage, 
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an arithmetic logic unit (ALU) , and a data buffering means 
immediately following the system, whereby time spread for 
video pictures of varying data size can be controlled. 
Also in accordance with the invention, a processing stage 
receives the input data stream, the stage including means 
for recognizing specified bit stream patterns, whereby the 
processing stage facilitates random access and error 
recovery* The invention may also include a means for 
performing a stop-after-picture operation for achieving a 
clear end to picture data decoding, for indicating the end 
of a picture, and for clearing the pipeline. 

The improved pipeline system may also include a fixed 
size, fixed width buffer, and means for padding the buffer 
to pass an arbitrary number of bits through the buffer. 
The present invention also relates to a data stream 
including run length code, and an inverse modeller means 
active upon the data stream from a token for expanding out 
the run level code to a run of zero data followed by a 
level, whereby each token is expressed with a specified 
number of values. The invention also includes an inverse 
modeller stage, an inverse discrete cosine transform 
stage, and a processing stage, positioned between the 
inverse modeller stage and the inverse discrete cosine 
transform stage, responsive to a token table for 
processing data. 

In addition, the present invention relates to an 
improved pipeline system having a Huffman decoder for 
decoding data words encoded according to the Huffman 
coding provisions of either H.2 61, JPEG or MPEG standards, 
the data words including an identifier that identifies the 
Huffman code standard under which the data words were 
coded, means for receiving the Huffman coded data words, 
means for reading the identifier to determine which 
standard governed the Huffman coding of the received data 
words, if necessary, in response to reading the identifier 
that identifies the Huffman coded data words as H.261 or 
MPEG Huffman coded, means operably connected to the 
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Huffman coded data words receiving means for generating an 
index number associated with each JPEG Huffman coded data 
word received from the Huffman coded data words receiving 
means, means for operating a lookup table containing a 
Huffman code table having the format used under the JPEG 
standard to transmit JPEG Huffman table information, 
including an input for receiving an index number from the 
index number generating means, and including an output 
that is a decoded data word corresponding to the index 
number . 

The improved system includes a multi-standard video 
decompression apparatus having a plurality of stages 
interconnected by a two-wire interface arranged as a 
pipeline processing machine. Control tokens and DATA 
Tokens pass over the single two-wire interface for 
carrying both control and data in token format. A token 
decode circuit is positioned in certain of the stages for 
recognizing certain of the tokens as control tokens 
pertinent to that stage and for passing unrecognized 
control tokens along the pipeline. Reconfiguration 
processing circuits are positioned in selected stages and 
are responsive to a recognized control token for 
reconfiguring such stage to handle an identified DATA 
Token. A wide variety of unique supporting subsystem 
circuitry and processing techniques are disclosed for 
implementing the system. 

It will be apparent from the foregoing that, while 
particular forms of the invention have been illustrated 
and described, various modification can be made without 
departing from the spirit and scope of the invention. 
Accordingly, it is not intended that the invention be 
limited, except as by the appended claims. 



